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THE  DESIGN.  CONSTRUCTION  AND  OPERATION  OF  A THOU- 
SAND TON  AMMONIA  COMPRESSION  REFRIGERATING  - 

MACHINE* 

By  F.  L.  Fairbanks,  Boston,  Mass.  ^ 


The  Quincy  Market  Cold  Storage  & Warehouse  Company,  Bos- 
ton, Mass.,  some  time  ago  added  four  new  cold  storage  warehouses 
and  was  obliged  to  consider  the  installation  of  an  addition  to  its 
power-house  equipment  to  take  care  of  the  increased  load.  As  it 
was  impossible  to  extend  the  Sargents  Wharf  power  house,  for  the 
reason  that  additional  land  could  not  be  purchased  for  the  purpose, 
it  was  necessary  that  the  added  refrigerating  equipment  should  be 
so  concentrated  as  to  be  installed  in  such  vacant  space  as  might  be 
available  in  the  existing  power  plant. 

The  daily  load  in  sight  figured  approximately  800  tons  of  re- 
frigeration and,  to  take  care  of  emergencies  and  a reasonable  in- 
crease, it  was  decided  that  a capacity  of  1,000  tons  was  necessary, 
and,  owing  to  the  limited  space  available,  this  must  be  in  one  unit. 

The  compression  system,  both  single  and  double-acting,  was 
considered,  as  well  as  the  absorption  system  and,  for  various  rea- 
sons, including  local  conditions,  it  was  decided  to  adhere  to  the 
single-acting  vertical  type  of  compression  machine,  directly  con- 
nected to  a horizontal,  cross-compound  steam  engine,  this  being 
the  type  of  machines  already  installed  in  this  jdant. 

Under  the  new  conditions  this  station  would  be  obliged  to 
handle  two  large  and  entirely  distinct  brine  systems  ; first,  a ware- 
house system,  which  would  ultimately  require  four  or  five  million 
gallons  of  — 12  degrees  brine  daily  and,  secondly,  a street  sy.stem, 
which  would  require  six  to  ten  million  gallons  of  -f-io  degrees  brine 
daily.  On  account  of  the  size  and  constancy  of  operation  of  the 
two  systems,  it  was  possible  to  undertake  to  combine  in  some  way  the 
suction  gases,  so  that  they  might  be  handled  by  a single  compressor, 
and  discharged  into  a .single  main  condensing  system. 


• Read  at  Tenth  .\nnnal  ^^eeting,  New  York,  N.  Y.,  November  30  and  December  1,  1914. 
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After  very  careful  consideration  it  was  decided  to  design  a 
double-effect,  three-cylinder  compressor,  which,  while  handling  both 
systems  at  the  same  time,  would  have  some  compensating  device 
by  means  of  which  variations  in  the  relative  load  could  be  positively 
taken  care  of,  so  that  within  reasonable  fluctuations  the  speed  of 
the  machine  could  be  kept  at  a minimum,  with  a maximum  com- 
pressor efficiency. 

The  capacity  of  the  refrigerating  machine,  as  well  as  the  steam 
horsepower  recpiired,  was  figured  on  the  basis  of  the  suction  gas 
pressure  from  the  street  brine-cooling  system,  which  averages  about 
20  pounds,  gauge,  with  a reasonable  allowance  for  emergencies, 
such  as  a drop  in  the  steam  jiressure,  excessive  head  pressure  and 
such  other  abnormal  comlitions  as  obtain  in  practical  operation. 

It  was  necessary  that  this  eiiuiiiment  be  ready  for  service  before 
the  very  warm  weather  of  the  approaching  summer  set  in  and,  in- 
asmuch as  there  were  but  a little  over  eight  months  available  in 
which  to  accomplish  this  work,  steps  were  taken  immediately  to  see 
if  such  a unit  could  be  constructed  by  some  compressor  builder  in 
the  limited  time  allowed  for  the  work  of  construction  and  erection. 

After  an  investigation  of  the  facilities  of  the  various  shops 
throughout  the  country  it  was  found  that  there  was  no  builder  in 
a position  to  handle  the  work  in  the  specified  time,  mo.st  of  them 
not  being  in. a position  to  handle  the  work  at  all  on  account  of  the 
size  of  the  machine  and  rigidity  of  the  .specifications.  It  was  then 
decided  to  design  and  erect  this  machine  with  our  own  men,  con- 
tracting for  the  inidividual  parts  with  .several  of  the  largest  machine, 
foundry  and  forge  shops,  so  that  all  work  could  be  carried  on 
.simultaneously  and,  in  so  far  as  possible,  have  tlie  machine  work 
done  by  the  same  concerns  that  made  the  castings,  thus  saving  con- 
siderable time  and  co.st  of  traiusportation  should  a casting  prove 
defective.  Finally,  the  main  contract  was  given  to  the  Providence 
Engineering  Works,  Providence,  R.  T.,  a large  firm  of  engine 
builders  of  known  ability,  and  the  various  details  were  sublet  to 
those  concerns  that  were  in  the  best  position  to  handle  them. 

The  contracts  were  based  upon  a price  per  pound  for  each 
detail,  machined  as  per  drawing,  and  based  upon  the  estimated 
weights  of  the  designer,  with  a provision  that  should  these  weights 
be  high  or  low  the  contractor  would  be  paid  on  the  basis  of  actual 
weights  of  castings  as  delivered  to  shop  to  be  machined.  Where 
special  prices  for  difficult  machine  work  were  submitted,  these 
prices  should  remain  fixed  regardless  of  weight. 
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The  Quincy  Market  Company  furnished  drawings,  patterns, 
foundation,  cranes,  rigging  and  men  for  the  erection  and  agreed 
to  pay  85  per  cent  each  month  of  the  cost  of  all  material  and 
labor  expended  by  the  contractor.  The  responsibility  for  every  piece 
of  work  for  which  the  contractor  could  show  a drawing  approved 
by  the  designer  rested  with  the  Quincy  Market  Company,  provided 
the  work  was  to  drawing  and  of  sound  material. 

The  drawings  carried  the  specifications  for  each  different  mate- 
rial and,  where  neces.sary,  physical  and  chemical  characteristics. 
All  important  measurements,  standing  and  running  fits,  clearances 
for  expansion,  as  well  as  running  clearances,  were  shown  on  the 
drawings  in  thousandths  of  an  inch,  thus  making  it  possible  to 
have  multiple  parts  machined  by  different  men  and  in  separate  sho])s 
without  reference  to  each  other,  and  at  the  same  time  have  those 
various  parts  fit  together  accurately  and  as  intended  when  assem- 
bled at  the  power  plant  of  the  Quincy  Market  Company.  This 
worked  out  .splendidly  and  proved  a great  time-saver. 

Drawings,  pattern  work  and  castings  were  carried  forward 
simultaneously,  the  blueprints  for  the  low-pressure  bed-plate  being 
in  the  hands  of  the  foundry  in  three  weeks  from  the  time  work 
was  started,  and  the  fifty-ton  casting  was  in  the  machine  shop 
in  ten  weeks.  Drawings,  patterns  and  castings  followed  each  other 
consecutively  and  in  the  order  in  which  it  was  desired  to  have  them 
reach  the  plant  for  erection,  and  without  waiting  for  assembly  draw- 
ings or  anticipating  the  completed  machine,  except  in  so  far  as  the 
designer  considered  it  necessary  for  safety. 

The  designer  was  to  check,  test,  and  accept  or  reject  each 
individual  piece  and  reserved  the  privilege  of  observing  or  super- 
vising any  part  of  the  work  when  he  deemed  it  necessary. 

The  ])atterns  were  checked  before  and  after  moulding,  the 
moulds  were  checked  after  cores  were  in  and  before  closing,  and 
castings  were  carefully  examined  to  detect  defects  before  being 
machined,  all  with  a view  to  find  and  rectify  any  errors  as  early 
as  possible,  before  such  errors  had  developed  into  time  and  money. 
This  proved  an  efficient  method  and,  while  it  kc])t  the  designer  on 
the  jump,  traveling  nights  and  working  twelve  to  sixteen  hours  a 
day,  the  results  justified  the  method,  as  there  was  no  part  of  this 
machine  rejected  for  defect,  either  in  material  or  workmanship, 
after  it  arrived  at  the  power  plant  for  erection. 

The  bed  plates,  A frames  and  flywheels  were  cast  and  machined 
by  the  Farrell  I'oundry  & Machine  Company,  Ansonia,  Conn. ; the 
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crankshaft,  connecting  rods  and  large  forgings  by  the  Bethleliem 
Steel  Company  at  Bethlehem,  Pa. ; cranks,  crossheads,  piston  spiders 
and  other  large  steel  castings  by  the  Chester  Steel  Casting  Com- 
pany, Chester,  Pa.  Bronze  castings,  of  which  there  were  nearly 
fifteen  tons,  came  from  Bridgeport,  Conn.,  and  Philadelphia,  Pa. 
The  steam  and  ammonia  cylinders,  valve  gear,  governing  mechanism 
and  other  engine  and  compressor  details  were  machined  in  the  plant 
of  the  Providence  Engineering  Works  and  cast  or  forgeil  in  ITovi- 
dence,  Boston  and  surrounding  places. 

All  finished  work  to  be  delivered  f.o.b.  cars  on  the  Ouincy 
Market  Company’s  railroad  siding  at  its  Sargents  Wharf  power 
hou.se.  At  this  point  the  Quincy  Market  Company  assumed  all 
responsibility  for  handling  and  erecting  on  foundations  as  required, 
with  its  own  men  and  rigging,  this  being  deemed  advisable  owing 
to  the  fact  that  practically  all  material  had  to  be  carried  on  cranes 
over  running  engines.  This  being  attended  naturally  with  a 
great  deal  of  risk,  especially  as  the  fifty-ton  crane,  with  all  the 
heavy  rigging,  was  new  and  untried  and  the  failure  of  a chain  or 
other  part  at  the  time  of  passing  over  one  of  the  other  large  com- 
pressors in  service  would  not  only  wreck  them,  but  would  in  all  prob- 
ability put  the  whole  plant  out  of  commission  and  possibly  cause 
lo.ss  of  life  through  the  breaking  of  steam  and  ammonia  mains. 
At  these  times  a man  was  stationed  at  every  important  steam  and 
ammonia  valve  with  orders  to  shut  it  if  he  heard  a crash.  All 
rigging  was  so  carefully  tested  that  the  entire  work  was  accom- 
jilished  without  accident  of  this  nature. 

During  erection  the  contractor  was  to  furnish  skilled  .shop  labor 
for  as.sembling,  drilling  and  bolting  together  and  such  other  work  as 
would  be  done  if  erected  in  the  shop.  The  power  plant  already 
having  electric  and  pneumatic  tools  for  repair  work,  the  Ouincy 
Market  Company  allowed  the  contractor  the  use  of  all  such  cipiip- 
ment  in  assembling,  this  making  the  work  as  convenient  at  the  plant 
as  it  would  have  been  in  the  shop. 

The  erection  was  facilitated  by  arranging  for  the  shipment  of 
the  bed  plates  as  soon  as  machined.  These  were  immediately  placed 
upon  their  foundation,  grouted  by  ramming,  hauled  down  by  the 
foundation  bolts  and,  after  allowing  sufficient  time  for  hardening  of 
the  cement,  the  seats  for  the  main  bearing  shells  were  bored  in  posi- 
tion by  means  of  a large  cylinder  boring  bar.  Upon  these  bed  plates 
each  part  was  placed  in  position  as  fast  as  it  was  received  from  the 
various  firms.  The  whole  machine  was  turned  over  and  put  in 
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service  in  a little  over  eight  months  from  the  beginning  of  the  work. 

There  are  three  30  x 50-inch  ammonia  cylinders  on  vertical 
A frames,  driven  by  a 32  x 64  x 50-inch  horizontal,  cross-compound 
Corliss  engine.  The  steam  cylinders  are  steam  jacketed,  including 
the  heads.  The  high-pressure  cylinder  uses  steam  at  150  lbs.  pres- 
sure per  square  inch,  superheated  100  degrees  F.,  the  low-pressure 
cylinder  receives  steam  at  20  lbs.  pressure  from  the  high-pressure 
exhaust,  which  is  superheated  50  degrees  by  passing  through  a re- 
heating receiver,  all  jacket  condensation  being  discharged  through 
traps  into  the  reheating  receiver  and,  after  being  re-evaporated  and 
superheated,  becomes  a part  of  the  supply  to  the  low-pressure  cylin- 
der, which  exhausts  into  a vacuum  of  between  27  and  28  inches. 

The  ammonia  cylinders  have  two  suction  connections  through 
which  the  gases  from  a street  pipe  line  and  a warehouse  system 
are  taken  from  shell  brine  coolers.  The  gas  from  the  warehouse 
system  enters  the  suction  valves  at  a pressure  of  from  4 to  5 lbs., 
gauge,  and,  after  following  the  piston  for  48  inches  of  the  stroke,  it 
is  compressed  to  approximately  one-half  its  volume  by  the  admis- 
sion, through  piston  ports,  of  gas  from  the  street  pipe  system  at 
a pressure  of  20  to  21  lbs.,  gauge.  The  total  volume  at  this 
pressure  is  di.scharged  into  an  insulated  gas  header,  from  which  the 
gas  flows  to  shell  type  condensers  through  a feed-water  heater, 
where  their  temperature  is  reduced  to  the  saturation  point.  From 
the  condensers  the  ammonia  flows  to  a liquid  receiver  and  then 
through  a gas  trap  to  the  automatic  cooler  feeder. 

The  boiler  feed  water  is  taken  from  the  city  mains,  passes 
through  the  ammonia  discharge  gas  heater,  and  from  there  through 
an  exhaust  steam  heater,  located  between  the  engine  exhau.st  and 
the  steam  condenser,  then  through  an  economizer  and  finally  reaching 
the  boiler  at  a temperature  of  from  275  to  320  degrees  F.,  while  the 
flue  gases  leave  the  economizer  at  175  to  212  degrees  F. 

Each  compressor  valve  is  in  a separate  cage,  and  can  be  re- 
moved and  replaced  with  a new  one  in  from  three  to  five  minutes  by 
the  removal  of  a screwed  plug,  which  holds  the  valve  cage  in  position. 

The  ammonia  cylinders  are  water  jacketed  on  the  upper  26 
inches  of  the  stroke  only,  the  water  inlets  being  so  arranged  as  to 
stratify  the  water  as  much  as  possible,  the  overflow  being  at  the 
top.  The  low-pressure  suction  connections  to  each  cylinder  are 
8-inch,  with  a i2-inch  header,  and  12-inch,  with  a 1 2-inch  header, 
on  the  high-pressure  suction.  The  discharge  connections  are  8- 
inch  and  the  compressed  gas  passes  through  an  automatic  non-return 
valve  to  a 12-inch  header  on  its  way  to  the  condensers. 
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Stop  valves  are  provided  at  all  important  points  and  a four- 
inch  safety  by-pass,  connected  in  parallel  with  a four-inch 
positive  by-pass,  is  located  between  the  suction  and  discharge 
headers  and  a positive  equalizing  valve  is  provided  between  the 
two  suction  headers  to  regulate  the  relative  work  done  on  either 
system,  so  that  constant  temperatures  to  within  a degree  can  be 
obtained,  without  favoring  one  system  to  the  detriment  of  the 
other  and  maintain,  at  the  same  time,  the  maximum  efficiency  of 
speed  regulation. 

Nine  twelve-inch  mercury  thermometers,  reading  to  one-quarter 
of  a degree  Kahr.,  are  attached  to  permanent  wells  in  each  suction 
and  each  discharge  connection  to  the  compressor  cylinders,  giving 
at  all  times  a positive  indication  as  to  the  condition  of  the  gases,  as 
well  as  giving  what  is  probably  the  best  practical  method  of  de- 
termining the  working  condition  of  piston,  valves,  etc.  There  is 
also  a like  thermometer  on  each  water  jacket  cooling  water  supply 
and  overflow. 

All  gauges  are  combined  recording  and  indicating,  the  speed 
is  indicated  by  an  electric  tachometer  and  a revolution  counter,  and 
the  position  of  the  cranks  is  shown  by  a crank  indicator,  all  of 
which  are  mounted  on  pedestal  gauge  boards  set  near  the  valve 
stanchions  and  permanently  connected. 

The  engine  governor  is  of  the  bell-crank  type,  entirely  enclosed, 
and  is  driven  from  the  main  shaft  by  cut  steel  gears  and  shafting 
through  a selective  gear  transmission  with  six  gear  changes.  A 
notched  segment  plate  with  pendulum  weight  accomplishes  sjieed 
changes  up  to  12  revolutions.  This,  in  connection  with  gear  shifts 
in  the  transmission,  allows  a speed  variation  from  15  to  75  r.  p.  m.  in 
increments  of  one-third  of  a revolution. 

All  steam  used  in  the  engine  jackets,  cylinders  and  re-heater  is 
shut  oflf  by  the  closing  of  the  throttle,  in  connection  with  which  is  an 
automatic  double-ported  engine-stop  held  open  unbalanced,  and 
closed  instantly  by  steam  through  a solenoid  valve  operated  electri- 
cally by  either  a fly-ball  speed  limit,  broken  governor  gear  or  push- 
button. 

All  dash-pot  valves  can  be  removed  and  replaced  while  engine 
is  in  operation.  This  is  also  true  of  the  governor  spindle  thrust 
bearing. 

All  oil  drains  to  the  crank  pits  and  from  the  pits  to  a water 
washing  device,  and  from  there  to  a primary  filtering  and  settling 
tank,  from  which  it  is  ])umped  to  French  flannel  filtering  and  storage 
tanks.  Then  it  flows  by  gravity  through  an  oil  cooler  to  the  machine. 
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The  oil  is  kept  at  a temperature  of  75  degrees  F. ; the  thermometer 
on  the  oil  line  is  read  every  hour  and  noted  on  the  log  with  the  other 
readings.  A sample  of  the  oil  is  tested  for  gravity  and  viscosity 
every  morning. 

The  high-pressure  steam  connection  is  lo-inch  and  the  low- 
pressure  exhaust  connection  is  20-inch,  leading  into  a 24-inch  main 
exhaust  header,  connecting  with  all  steam  condensers. 

All  steam  and  ammonia  valves  and  piping  are  identical  and  of 
the  special  design  of  the  Quincy  Market  Company.  They  are  of 
the  globe  pattern,  no  gate  valves  being  used  and  no  threaded  or 
extra  heavy  pipe  is  used  in  sizes  over  2^4 -inch.  No  shims  or  gas- 
kets were  used  in  the  construction  of  the  engine.  The  ammonia 
line  gaskets  are  of  special  lead  antimony  placed  in  flat-face  joints, 
and  all  steam  lines  have  corrugated  b'nglish  manganese  bronze  gas- 
kets in  flat- face  joints,  the  object  being  to  make  all  steam  and 
ammonia  valves,  pipe  and  fittings  interchangeable,  with  the  exception 
of  the  gaskets. 

The  steam  engine,  which  was  designed  for  economy,  stability 
and  flexibility  of  operation,  has  triple-ported  Corliss  valves  requir- 
ing a minimum  of  movement  for  a maximum  opening  and  separate 
eccentrics  for  driving  each  admission  and  exhaust  gear,  liach 
admission  valve  is  indejicndent  of  the  other,  so  that  wear  or  minor 
accident  to  one  valve  can  be  repaired  without  interfering  with  the 
other  and  without  stopping  the  machine.  The  idea  being,  in  so  far 
as  j^racticable,  to  design  a machine  which  could  be  run  twenty- four 
hours  a day,  month  after  month,  under  severe  conditions  of  service, 
stand  up  to  its  work  with  a reasonable  amount  of  care  and  allow 
of  the  minor  repairs  and  adjustments  necessary  without  shutting 
down. 

Major  repairs  made  necessary  by  carelessness  or  accident  arc 
provided  for  by  building  with  the  machine,  to  micrometer  measure- 
ments, such  extra  parts  as  practice  has  shown  arc  liable  to  be  needed, 
having  them  ready  for  use  and  by  having  all  rigging  necessary  to 
strip  any  part  of  the  machine  readily  at  all  times.  Two  lOO-ton 
jacks  are  permanently  set  in  the  flywheel  pits,  with  top  saddle  cast- 
ings fitting  the  rim  of  the  70,000-pound  flywheels,  so  that  by  re- 
moving the  main  bearing  cap  bolts  the  main  shaft,  flywheels,  con- 
necting rods,  crossheads  and  pistons,  weighing  over  150  tons,  can 
be  raised  and  new  bearing  shells  inserted  without  delay  and  without 
disturbing  a bolt  or  nut  other  than  those  which  hold  down  the 
main  caps. 
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The  steam  end  of  the  plant  has  produced  an  indicated  horse- 
power with  lo^  pounds  of  steam  and  i,i  pounds  of  coal. 

The  compressor  cylinders,  with  a piston  clearance  of  5/1000 
of  an  inch,  have  shown  an  average  efficiency  of  90  per  cent  and  the 
friction  loss  is  approximately  6 per  cent.  The  average  of  a large 
number  of  observations  has  shown  that  94  per  cent  of  the  energy 
of  the  steam  engine  is  delivered  to  the  ammonia  cylinders.  These 
efficiencies  are  due  mainly  to  modern  design  and  construction,  high- 
grade  material,  excellent  workmanship  an<l  favorable  local  con- 
ditions. 

The  idea  of  compressing  the  suction  gases  from  two  different 
systems  and  at  two  widely  different  pressures,  under  the  conditions 
which  obtain  at  this  plant,  has  been  thoroughly  worked  out  in  prac- 
tice during  some  two  years  of  constant  operation,  and  its  efficiency, 
in  the  opinion  of  the  writer,  under  these  conditions,  is  limited  prin- 
cipally to  the  saving  accomplished  in  combining  in  one  large  machine, 
with  its  higher  steam  economy,  the  refrigerating  load  of  two  .separate 
systems,  which  would  otherwise  be  handled  by  two  separate  smaller 
machines,  with  the  consecpient  increase  in  cost  of  oil,  labor  and 
attention  required,  as  well  as  probable  decreased  steam  economy  of 
the  smaller  machines,  especially  if  neither  of  the  latter  was  carrying 
the  load  best  suited  to  its- efficient  operation. 

The  maximum  capacity  of  the  ammonia  cylinders  under  these 
conditions  is,  of  course,  that  due  to  the  higher  or  street  system  gas 
pressure  and  is  constant  regardless  of  fluctuations  in  pres.surc  of 
the  low-pressure  gas. 

An  advantage  in  very  low  temperature  work,  with  suction 
pressure  below  atmosphere,  is  that  the  ammonia  rod  packing  box 
is  always  subject  to  the  higher  gas  pressure,  so  that  the  danger 
of  air  admission  at  this  point  is  eliminated. 

The  suction  valve  design  must  be  given  careful  con.sideration, 
as  this  feature  alone,  unless  very  carefully  worked  out,  will  nullify 
practically  all  of  the  benefits  to  be  derived.  The  admission  of  the 
high-pressure  gas  through  the  piston  ports  is  in  the  nature  of  an 
explo.sion,  and  this  at  a time  when  the  suction  valves  will  be  wide 
open,  the  result  being  a very  forcible  closing  of  these  valves.  Liirge 
area,  low  lift,  good  lubrication  and  quick  action  being  absolutely 
necessary  to  prevent  exces.sive  hammering  at  the  point  of  admission 
through  the  ports  and,  with  all  these  combined  in  a design  worked 
out  for  known  local  conditions,  smoothness  of  operation  begins  to 
disappear  at  between  35  and  40  revolutions  per  minute.  Speeds 
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above  50  revolutions  per  minute  are  attended  with  more  or  less 
valve  slamming,  rapidly  increasing  discharge  temperatures  and  an 
increase  in  horsepower  per  ton. 

While  75  revolutions  per  minute  is  readily  obtained  with  this 
compressor  without  valve  distress  when  operating  with  the  high- 
or  low-pressure  gas  individually,  operation  is  practically  limited  to 
50  revolutions  per  minute  when  operating  combined. 

Figures  i,  2 and  3 are  reproductions  of  diagrams  from  the 
ammonia  end  of  the  compressors.  Figure  i shows  the  compressor 
cylinders  operating  with  low-pressure  gas  from  the  warehouse  .sys- 
tem. Figure  2 shows  the  same  with  gas  from  the  high-pressure  or 
street  system,  and  Figure  3 shows  the  machine  operating  with  the 
combined  gases. 

A large  number  of  indicator  cards  show  that  the  suction  line 
on  the  indicator  cards  is  practically  identical  with  the  same  pressure 
line  taken  from  the  suction  header.  This  probably  is  due  to  the 
fact  that  the  suction  valve  area  is  nearly  seven  per  cent  of  the  piston 
area  and  to  the  suction  connections  being  short  and  excessively  large. 

It  will  be  noted  on  the  indicator  card  taken  when  the  gases 
were  combined  that  the  piston  ports  are  also  large  enough  to  allow 
of  the  filling  of  the  cylinder  at  speeds  up  to  50  revolutions  per 
minute  before  the  piston  has  reached  the  end  of  its  stroke. 

To  the  very  small  clearance  is  probably  due  the  fact  that  there 
is  practically  no  re-ex{iansion  of  gases,  it  being  possible  to  produce 
practically  scjuare  corners  on  a card  by  feeding  a few  extra  drops 
of  oil  per  minute  to  the  cylinders. 

Figure  3 shows  very  plainly  that  the  piston  ports  are  recovered 
before  compression  can  force  the  gas  back  through  the  ports  and 
the  entire  valve  action  in  this  compressor,  as  shown  by  the  many 
indicator  cards  taken,  is  so  exceptionally  good  that  it  considerably 
exceeds  the  expectations  of  the  designer,  especially  when  operating 
with  a single  gas  only  and  at  high  speed. 

The  horsepower  required  per  ton  of  refrigeration  with  the 
combined  gases  is  from  five  to  ten  per  cent  greater  at  low  speeds 
than  with  the  high-pressure  gas  alone  producing  the  same  tonnage, 
and  at  the  higher  speeds,  say  from  40  to  60  revolutions  per  minute, 
the  horsepower  required  is  from  ten  to  twenty  per  cent  greater. 
The  reasons  for  these  discrepancies  have  been  demonstrated  thor- 
oughly by  two  years'  operation,  but  it  is  hardly  possible  to  go  into 
sufficient  detail  in  this  paper.  In  the  writer’s  opinion,  it  is  doubtful 
if  this  feature  is  advisable  in  small  machines  unless  the  local  con- 
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Fig.  I. — Condenser  pres.sure,  123  Ihs. ; suction  pressure,  atmospheric; 
scale  of  spring,  80  lbs.;  speed,  30  r.  p.  in.;  cylinder,  30"  x 50". 


Fig,  2. — Condenser  pressure,  123  lbs.;  suction  pressure,  17  lbs,;  .scale  of 
spring,  80  lbs. ; speed,  30  r.  p.  m. ; cylinder,  30"  x 50". 


Fig.  3. — Combination  of  Figs,  i and  2,  showing  the  effect  of  the  intro- 
duction of  the  higher  suction  pressure. 
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ditions  are  such  that  a considerable  saving  can  be  made  in  tlie 
operation,  other  than  that  which  is  due  to  any  increase  in  com- 
pressor capacity  alone. 

The  ammonia  condensers  are  of  the  shell  type,  designed  by  the 
writer,  with  a rated  capacity  of  75  tons  each  and  capable  of  easily 
carrying  100  tons  when  necessary.  Water  from  the  harbor  is  used 
for  condensing  and  is  first  pumped  through  the  ammonia  condensers, 
after  which  it  flows  by  gravity  to  the  surface  steam  condensers  and 
then  back  into  the  harbor.  In  operation  from  six  to  ten  degrees  in 
temperature  is  added  to  the  water  at  the  ammonia  condensers  and 
from  fifteen  to  twenty  degrees  in  the  steam  condensers,  dej>ending 
upon  the  temperature  of  the  harbor  water  and  the  refrigerating  load 
carried. 

With  thermometers  located  in  the  overflow  lines  the  operating 
men  can  check  the  work  of  these  condensers  very  closely  by  means 
of  the  inlet  and  outlet  temperatures,  and  thereby  get  an  accurate 
indication  of  the  amount  of  water  necessary  with  any  load.  As 
all  of  the  condensing  water  is  pumped  through  12-inch  Venturi 
meters  and  constantly  indicated  on  the  manometers,  not  only  the 
amount  pumped  but  also  the  actual  work  being  done  is  indicated 
to  the  operator  at  all  times,  as  well  as  being  logged  for  record 
every  hour. 

These  condensers  are  vertical  and  the  gas  from  the  compressor 
enters  the  shell  tangentially  at  the  top,  flowing  downward  by  gravity. 
The  condensing  water  entering  the  bottom  and  overflowing  at  the 
top  through  a side  outlet,  so  that  the  top  ends  of  the  tubes  are 
open  for  inspection  and  cleaning  at  all  times  without  interfering 
with  the  operation  of  the  condenser.  This  cleaning  is  done  by  com- 
pressed air,  or  with  a tube  cleaning  brush,  but  the  compres.sed-air 
method  is  used  almost  entirely. 

These  condensers  have  48-inch  forged-welded  shells,  contain 
367  one-and-a-half-inch  lo-gauge  charcoal  iron  tubes,  and  have  no 
ammonia  joints  in  the  water  except  the  tube  ends,  the  lower  ends 
always  being  sealed  with  oil  coming  from  the  compressors.  The  up- 
per ends  being  visible  at  all  times,  the  slightest  leak  is  easily  detected. 

A U expansion  joint  is  rolled  in  these  shells  which  relieves 
expansion  and  contraction  stresses,  and  this,  together  with  the 
method  of  rolling  the  tubes  into  the  tube  sheet,  has  almost  entirely 
eliminated  the  trouble  from  leakage,  which  has  usually  been  ex- 
perienced with  shell  condensers. 

An  added  feature  of  these  condensers,  in  addition  to  the  facility 
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with  which  they  may  he  cleaned  and  inspected,  is  that  when  j)in- 
hole  leaks  develoj)  in  a tube,  due  to  a defective  spot  in  the  metal, 
or  salt  water  corrosion,  the  leak  is  not  only  (piickly  detected  hut 
the  entire  charge  in  this  condenser  can  he  blown  into  a still,  the 
old  tube  removed,  a new  one  rolled  in  and  the  condenser  put  in 
service  again  in  from  an  hour  and  a half  to  two  hours. 

The  still,  which  is  of  the  .same  general  construction  as  the 
condensers,  has  connected  to  it  a header  and  to  which  each  of  the 
condensers  is  permanently  connected,  .so  that  the  charge  of  any 
condenser,  by  simj)ly  opening  and  closing  the  proper  valves,  may 
be  thoroughly  cleaned  and  pumj^ed  back  by  a small  compressor  into 
the  main  system  through  a caustic  soda  rectifier,  thereby  making 
it  possible  to  purge  and  cleanse  the  ammonia  in  the  system  (piickly 
and  practically  without  loss  at  any  time. 

Figure  4 shows  sectional  elevation  of  ammonia  cylinder  and 
head,  while  I'igures  5 to  7 show  details  of  ammonia  cylinder,  suction 
and  discharge  valves. 

Figure  8 shows  machine  erected,  and  I'igurcs  (j  to  24  show  parts 
of  machine  and  machine  in  course  of  and  method  of  erection. 
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Fig.  4. — Sectional  elevation  of  ammonia  cylinder  and  head. 


Fig.  5. — Compressor  cylinder,  showing  details. 
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Fig.  6. — Suction  valve  and  details. 
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Fig.  7. — Discharge  valve  and  details,  showing  cage  end 
position  in  cylinder  head. 
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Fig.  8. — Completed  machine  running. 
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Fig.  9. — Side  view  of  automatic  concrete  elevator,  sliute  and  mixer, 
for  delivering  concrete  into  foundation  forms. 
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Fig.  10. — Low  pressure  bedplate  lowered  onto  foundation,  showing 
size  as  compared  with  the  8co  ton  machine  in  service  in  the  background. 


Fig.  II. — Low  pressure  cylinder,  showing  how  insulation  was  carried 
forward  with  erection. 
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Fit:.  12. — Low  pressure  cylinder  being  taken  into  power  house 
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I'lG.  13. — Low  pressure  i)iston. 


Fig,  14. — One  section  of  the  Huicl  coinpre>sed  24"  main  shaft  being 
lowered  into  place.  Forty-tive  per  cent  carl)on,  open-hearth  steel  forging, 
tensile  strength  90,000  Ihs.  per  square  inch,  elastic  limit  50,000  Ihs. 
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I'lG.  15. — One  of  the  main  connecting  rods. 
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Fk:.  1 6. — Low  prcs.'^ure  and  intermediate  bedplates  with  A frames 
erected  in  place. 
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Fig.  1 8. — Low  pressure  bedplate,  with  one-half  of  the  first  A frame 
being  erected. 


Digitized  dy  Google 


ONE  THOUSAND  TON  REFRIGERATING  MACHINE 


29 


Fig.  19. — Steam  valve  stanchion.s.  with  mechanical  and  electrical 
quick-stopping  device  on  the  left. 


Fig.  20. — Ten  million  gallon  lirinc  pumping  engine  in  service. 
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Fig.  21. — Skeleton  of  i,cco  ton  machine,  showing  electric  hoist  in  the 
foreground.  Cranes  and  ammonia  headers  in  the  upper  background. 
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Fig.  22. — Governor,  showing  speed  regulating  pendulum  with  shifting 
gear  transmission  to  control  the  speed  of  compressor  from  15  to  75  r.  p.  m. 
by  increments  of.  one-third  of  a revolution,  maintaining  a practically  con- 
stant speed  of  governor  spindle.  -Ml  parts  being  self-oiling  and  enclosed. 
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Fig.  24. — Exhaust  steam  receiver  and  rcheater  being  lowered  into  place. 
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- DECOMPOSITION  OF  AMMONIA 

Decomposition  of  Ammonia.  By  Professor  R.  Plank,  Danzig,  Germany. 
Zeitschrift  fur  die  ycsauitc  Kaltc-lndusiric,  Berlin,  .March  and  May, 
1915.  8 pp. 

Prompted  by  recent  discussions  on  the  suliject  of  decomposition  of 
ammonia,  the  author  has  undertaken  an  analytical  investigation  based  on  the 
l^ws  of  reactions  as  known  in  chemistry. 

Professor  Plank  agrees  with  the  opinion  generally  held  that  all  these 
cases  of  ammonia  accidents  were  caused  by  instantaneous  explosions  and  not 
liy  a slow  combustion  of  the  ammonia;  ammonia  being  combustible  only  in 
pure  oxygen  and  not  in  the  ordinary  atmosphere.  To  prove  this  contention 
the  writer  proceeds  to  investigate  our  present  knowledgT*  of  the  subject  of 
disintegration  of  ammonia,  quoting  in  his  article  a number  of  references  to 
literature  on  the  subject. 

THE  DECO.MPOSITIO.N  OF  AMMONIA  A.S  .EFFECTED  IlY  CHEMICAL  EQUlLIBKll’.M 

The  decomposition  of  ammonia  proceeds  according  to  the  equation 

2X11,  = N.  + 3H. (i) 

which  means  that  by  the  complete  decomposition  of  2 parts  of  XH3  by  volume, 

1 part  by  volume  X*  and  3 parts  by  volume  lU  result,  thus  doubling  the  total 
volume.  With  this  reaction,  as  with  every  exothermic-chemical  reaction,  is 
connected  the  generation  of  a certain  amount  of  heat,  its  amount  depending 
upon  the  temperature.  In  the  production  of  ammonia  from  the  elements, 
known  as  the  synthetic  method',  which  is  becoming  more  widely  adopted,  a 
quantity  of  heat  is  liberated,  and  for  the  decomposition  of  the  ammonia  a 
like  quantity  of  heat  must  lie  supplied.  .According  to  Thomsen  and  Berthelot, 
at  ordinary  room  temperature  the  heat  required  for  the  decomposition  of 

2 molecules  (34  kg.  XH*)  is  24,000  calories.  This  quantity  changes  with  the 
temperature  and  the  varying  specific  heats  of  XH*,  Hs  and  X2,  it  increases 
rapidly  with  increasing  temperature,  and  at  850  degrees  C.  reaches  30,000 
calories. 

It  is  known  that  high  temperature  favors  the  decomposition  of  ammonia. 
Ai  any  temperature  and  pressure  the  thermo-dynamic  equilibrium  demands  the 
presence  of  a definite  quantity  of  each  of  the  3 constituents,  although  the)' 
may  be  represented  in  exceedingly  small  quantities,  'fhis  theory  of  chemical 
equilibrium,  which  is  also  known  as  the  statics  of  gas  reaction,  is  now  per- 
fectly understood  and  accepted  as  correct. 

Denoting  the  partial  pressures  of  the  several  constituents  in  kg.  per  cm.®  by 

Pnhj,  Piii  and 

and  the  sum  of  the  partial  pressures  by  p,  the  al)solute  temperature  in  degree 
C by  T,  and  the  heat  of  the  reaction  with  Q,  we  derive  from  the  second  law 
of  thermo-dynamics  the  relation ; 

2 In = — / dT  C (2) 

/>'^NH3  J 

wherein  C is  a constant,  the  value  of  which  is  perfectly  defined  by  Nernst’s 
heat  theorem, 

.According  to  Xernst,*  the  heat  of  disintegration  of  ammonia  is  the  same 
in  quantity  as  the  heat  of  formation  (which  latter  is  negative  and  preceded  by 
the  minus  sign),  referred  to  2 molecules  XHs,  is  expressed  by  the  equation 

> To  date  by  far  the  greatest  quantity  of  atninonia  was  produced  by  the  dry  distilla- 
tion of  nitrogenous  coal  as  a by-product  in  the  manufacture  of  illuminating  gas. 

- Nernst,  Zcitschr.  f.  Elektrocbemic,  Kt,  IfllO.  j>.  100. 
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Q = — 21.980  — 7.0  7'  — 3.31  X 10'®  V — 2.44  X io-“  T (3) 

Inserting  this  value  in  equation  2.  and  employing  common  logarithms  in 
place  of  hyperbolic  logs,  equation  (4)  is  obtained: 

H i Psi  21,980 

log.  = h 3-5  log.  T + 

4.571  T 

3.31  X 10**  T 0.81  X lo'® 

H h 0.468 (4) 

4-5/I  4.571 

According  to  Nernst,  the  constant  C is  taken  at  0.468  when  the  pressures 
are  based  on  technical  atmospheres  (kg.  per  cm.*) ; if  the  pressures  are  figured 
in  physical  atmospheres  (760  mm.  mercury)  the  constant  becomes  0.44. 

In  place  of  the  partial  pressures  in  equation  4,  it  is  found  more  convenient 
in  practical  calculations  to  base  them  on  parts  by  volume  (referred  to  the 
total  pressure),  meaning  the  fractional  volume  occupied  by  each  gas  in  i 
cubic  meter.  For  simplicity,  denoting  these  volume-parts  by  the  chemical  signs 
of  the  respective  gases,  and  remembering  that  these  volume-parts  are  in  the 
same  relation  as  the  partial  pressures,  namely: 


PsH,  : pHi  : Px-  : p = NH,  : II,  : N,  : i, 
equation  4 becomes 

P^HiXpN:  11/ X2 

log. = log. \-  2 log.  p 

P\h.  NH,* 

and,  therefore, 

ll:®X2  4810 

log. = 1-  3.5  log.  T -f  0.724  X lo'*  T — 

XH,*  T 

— 0.1774  X 10'®  T — 2 log.  p -I-  0.468 (5) 

From  this  equation  may  be  derived  the  composition  of  the  gas  mixture  as 
a function  of  pressure  and  temperature.  The  several  volume-parts,  XH„ 
II2  and  Na  herein,  are  not  independent  from  one  another.  For  example, 
assuming  i cubic  meter  pure  XH,,  of  which  x volume-parts  XH,  to  have  been 
decomposed  under  specified  temperature  and  pressure,  then  the  mixture  still 
contains  i — .r  volume-iiarts  of  XH,,  while  the  result  of  the  decomposition, 

according  to  equation  i,  consists  of volume-parts,  Hj  and volume- 

2 2 

parts  Xs.  Thus  from  1 cubic  meter  of  originally  pure  NH,  there  results  a 
mixture  equal  to 

3 -»■  -1' 

( I — -v)  -f- 1 = I .1'  cubic  meter, 

r 22 

Referred  to  i cubic  meter  the  several  volume-parts  of  the  decompo.sed  con- 
stituents are : 


1 — .r 

XH,  = , ]li  = 

1 -F  .1- 


3-r 


2(1+  .r) 


X...  = 


2(1+  .v) 
i — .r 

Denoting  the  ammonia  content  with  y,  by  placing = y,  the  follow- 


ing equation  is  obtained : 
IU*Xa  / 27 

log.  = log. 


XH.,* 


( 


16  (i — .r*)* 

— — o.97(:8  — 2 log 


I 4-  .r 

27  (I— y)' 

= log.  I 

256  y* 


) = i.»  ( 


) 


(6) 
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Inserting  this  value  in  equation  5 we  obtain : 
y 2405 

log. = 1.75  log.  T — 0.362  X 10'*  T + 

{i  — yV-  r 

+ 0.0887  X io’“  7^  + log.  p — 0.722 (7) 

h'rom  this  equation  the  ammonia  content  .v  may  he  computed  in  volume- 
parts  per  cubic  meter,  or  100  y in  per  cent,  for  the  condition  of  equilibrium. 
Since  at  very  high  temperatures  i)ractically  all  ammonia  is  decomposed,  re- 
sulting in  a very  small  value  for  y,  a close  approximation  is  obtained  by  using 
in  place  of  equation  7 equation  8: 


y 

log. = CO  log.  y (8) 

(i  — y)= 

In  equation  7 the  members  7'  and  7'^  are  merely  correction  factors,  it  is 
evident,  therefore,  that  the  ammonia  content  y corresponding  to  the  chemical 
equilibrium  will  be  the  greater  the  lower  the  temperature  and  the  higher  the 
pressure.  Accordingly,  the  decomposition  of  aJiimonia  is  always  hindered 
by  a lowering  of  the  temperature  and  by  an  elevation  of  the  i)ressure,  which 
latter  fact  will  be  recognized  to  be  contrary  to  the  erroneous  opinion  gen- 
erally held.  In  the  state  of  equilibrium  less  ammonia  will  be  decomp<ised  at 
high  pressure,  although  the  method  of  pressure  increase  may,  for  kinetic 
reasons,  favor  the  decomposition,  as  will  l)e  explained  further  on. 

The  ammonia  content  100  y in  per  cent  has  been  calculated  according  to 
equation  7 for  various  pressures  and  temperatures,  and  the  values  are  given 
in  Table  I and  plotted  in  Figs,  i and  2. 


Table  I. 


/ in  deg.  C == 

—20“ 

0“ 

-1-50“ 

100“ 

150“ 

j 

200“ 

300“ 

500“ 

700“ 

T in  deg.  C = 

253 

273 

323 

373 

423 

’ 473 

573 

773 

973 

p in  atmospheres. 

ab- 

% 

% 

% 

% 

% 

1 % 

% 

% 

% 

solute. 

. .1 

99.43 

98.05 

92. 53 

75.5 

47.0 

■20.8 

2.73 

0.125 

0.0178 

«« 

4 

99.72 

90.32 

96.20 

86.80 

68.1 

|43.0 

9.46 

0..50 

0.0712 

44 

7.99.78 

99.49 

97.11 

89.93 

74.7.5 

t .52 . .5 

14.70 

0.87 

0.125 

44 

10 

99.82 

99.57 

97.58 

91.45 

78.3.' 

>'58. 1 

1 

18.95 

1.225 

0.178 

From  Table  I,  as  well  as  from  equations  7 and  8,  it  will  be  seen  that  at 
high  temperatures  the  small  ammonia  content  y is  directly  proportional  to  the 
pressure.  For  very  large  values  of  y,  however,  which  means  at  temperatures 
below  0°  C.,  the  decomposed  quantity  c = I — y (referred  to  i cubic  meter 
after  decomposition),  becomes  very  small.  We  then  have  in  equation  7: 

y I 

log.  = log. = — 2 log.  .c (9) 


with  the  result  that  then  the  decomposed  quantity  of  ammonia  is  inversely 
proportional  to  the  square  root  of  the  pressure.  This  agrees  exactly  in  the 
case  of  the  tabular  values  at  / = — 20°  C.  The  values  of  y calculated  by 
equation  7 agree  very  closely  with  the  direct  measurements  made  by  Jost  in 
Nernst's  laboratory.  Rut  for  reasons  mentioned  further  on  the  comparison 
between  theory  and  test  is  possible  only  at  high  temperatures. 

In  the  case  of  i kg.  per  cm*  pressure,  the  following  comparison  obtains 
wherein,  in  view  of  the  very  .small  ammonia  content,  equation  8 was  used : 
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Fig.  I 
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Table  II 


Absolute  Temp.  T 

. 

y calculated  by  equ.  7 & 8 

y as  determined  by  Jost. 

973°C. 

0.0178% 

0.0109% 

1073 

0.0080 

0.0085 

1203 

0.(K)41 

0.(K)42 

1273 

0.0028 

0.0031  ' 

It  is  seen  that  the  agreement  is  very  close.  It  may  lie  added  that  within 
the  temperature  limits  mentioned  exactly  the  same  quantity  of  XH;»  is  obtained, 
whether  beginning  with  pure  ammonia,  which  becomes  greatly  decomposed,  or 
whether  the  initial  gas  mixture  consi.sts  of  X-  -j-  .3  Hi-  Furthernuire,  the  tests 
have  definitely  proven  that  the  ammonia  content  with  very  small  values  of  y 
increases  in  proportion  to  the  pressure.  'I'his  fact  is  of  jiarticular  imiiortance 
in  the  technical  production  of  ammonia  by  synthetic  means,  in  which,  as  a 
matter  of  fact,  pressures  of  several  hundred  atmospheres  are  .used.® 

Kquation  7 shows  that  at  every  final  temperature  and  every  final  pressure 
all  three  constituents  of  the  chemical  reaction  are  represented  in  the  mixture. 
Fig.  I,  however,  shows  that  at  temperatures  below  0“  C..  especially  at  high 
pressures,  the  quantity  of  ammonia  decomposed  is  exceedingly  small,  while  at 
tcmiieratures  above  700®  C.  there  remain  merely  traces  of  ammonia.  Fong 
before  this  exact  theory  had  been  established,  Ramsay  and  Young*  ha<l  pointed 
out  that  the  decomposition  of  the  ammonia  even  at  the  highest  temperatures 
was  never  complete.  At  the  more  recent  tests  by  Perman  and  Atkinson, 
Jost,  Haber  and  Le  Rossignol,  measurable  quantities  of  ammonia  were  found 
even  at  temperatures  as  high  as  / = 1.100°  C. 

Fig.  I shows  that  the  decomposition  of  ammonia  increases  greatly  be- 
tween / = 100°  and  300°  C.  Fig.  i also  enables  us  to  make  certain  deductions 
regarding  the  behavior  of  ammonia  in  respect  to  lire  hazard  and  loss  of 
capacity  in  refrigerating  machines.  These  deductions,  which  are  based  on 
the  statical  theory  of  chemical  equilibrium,  will  further  be  found  to  be  greatly 
modified  and  improved  by  the  consideration  of  the  effect  of  kinetic  conditions 
which,  unfortunately,  are  as  yet  not  entirely  understood.  One  of  the  ques- 
tions involved  is  the  velocity  of  reaction  and  the  catalytic  action  of  solid 
bodies,  such  as  metallic  walls,  with  which  the  rcaging  gases  come  in  contact. 
But  here,  also,  pressure  and  temperature  qualitatively  exert  the  same  in- 
tluence  upon  the  decomposition,  .so  that  the  equations  arrived  at  so  far  still 
apply,  but  on  a different  scale. 

In  mechanical  refrigeration  we  are  concerned  with  the  temperature  range, 
including  about  — 50°  and  — 150°  C.  at  pressures  of  r to  14  atmospheres, 
absolute.  The  low  pressures,  i to  4 atmospheres,  absolute,  and  tcmiieratures 
—50°  to  0°,  apply  to  the  suction  side  of  ammonia  compressors,  while  the 
higher  pressures,  7 to  14  atmospheres,  absolute,  and  temperatures  30°  to 
150°  C,  apply  to  the  discharge  or  high-pressure  side  of  the  system.  .Accord- 
ing to  our  previous  reasoning  it  is  fortunate,  so  far  as  decomposition  is  con- 
cerned, that  the  high  temperatures  are  associated  with  high  pressures.  The 
temperature  range  which  refrigerating  engineers  are  particularly  interested  in 
has  been  cut  out  of  Fig.  t and  reproduced  on  a larger  scale  in  Fig.  2.  This 
diagram  shows  that  on  the  suction  side  the  decomposition  of  ammonia,  even 
under  unfavorable  conditions,  will  not  exceed  i per  cent,  whereas,  on  the  dis- 
charge side,  the  decomposition  may  proceed  much  farther.  We  will  calculate 
two  examples  to  sec  how  the  decomposition  increases  during  compression  in 
the  cylinder,  a.ssuming  that  the  chemical  equilibrium  is  maintained  at  every 
point  of  the  compression  curve,  which  requires,  of  course,  high  velocity  of 
reaction. 


=*  HaIxT  .and  Le  Ros.cignol,  Zeitsdir.  f.  EIcktrochemie.  19,  1913,  p.  .<>3. 
* Ramsay- Young,  Journal  Chein.  Soc.,  45,  1884,  p.  88. 
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Kxample  i.  Evaporator  pressure,  4 atmospheres,  absolute  (422  pounds 
per  square  inch  gauge).  Evaporator  temperature,  — 2°  C.  (28“  F.).  Condenser 
pressure,  10  atmospheres,  absolute,  (128  pounds  per  square  inch  gauge).  Con- 
denser temperature,  -{-  24*  C.  (75.2®  F.). 


p 

Atmos. 

Absol. 

T 

/ 

4 

283®C.’ 

10®C. 

60®  F. 

99.0% 

7 

322 

49 

120 

97.2 

10 

349 

76 

169 

95.2 

The  values  for  y are  plotted  in  Fig.  2 and  marked  “Adiabate  i.” 
Example  2.  Evaporator  pressure,  1 atmosphere,  absolute.  ( — 0.5  pound 
per  square  inch  gauge).  Evaporator  temperature,  — 32°  C.  ( — 26°  F.).  Con- 
denser pressure  as  before  ( 128  pounds  per  square  inch  gauge). 


P 

Atmos. 

Absol. 

i 

/ 

y 

1 

! 2o3°C.'^ 

— 20®C. 

— 4®F. 

99.43% 

4 

1 348.5 

-f75.5 

168 

92.8 

pm 

/ 

396 

123 

253 

84.1 

10 

' 430 

157 

315 

76.2 

These  values  for  y are  also  plotted  in  Fig.  2 and  connected  by  a curve 
marked  “Adiabate  2,” 

In  Fig.  2 the  favorable  hindering  influence  of  the  pressure  increase  upon 
the  decomposition  is  plainly  discernible.  Even  then,  there  appears,  with 
dry  compression  under  most  favorable  conditions,  a decomposition  amount- 
ing to  about  5 per  cent,  which  under  extreme  conditions  increases  to  25  per 
cent,  compared  with  the  condition  of  equilibrium. 

F>ut  on  the  way  to  the  condenser,  and  in  the  condenser,  the  gases  become 
cooled  to  the  liquefaction  temperature,  whereby  a great  amount  of  the  am- 
* monia  is  recovered.  'I'hus,  at  a condenser  pressure  of  9 atmospheres,  the 
saturated  vapor  of  21®  C.  contains  again  99  per  cent  NH.,.  The  height  of  the 
condenser  pressure  is  of  scarcely  any  influence  in  this  connection,  because  it 
is  oflset  by  the  counter  action  of  the  condensing  temperature.  For  example, 
in  Table  111  we  obtain: 


'•  The  temperature  at  start  of  comi)rcssion  has  been  taken  higher  than  the  cvai>orator 
temperature,  owing  to  the  absorption  of  heat  by  the  vapor  in  the  suction  pipe  and 
oj’lindcr  walls. 
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Table  III 


Condenser  pressure  p 

Condenser  Temperature 

Ammonia  content  y per 
equ.  7 & 9. 

Atmos.  Abso. 

Lbs.,sq.  in., 
gauge 

T 

7 

84.8 

286°  C. 

13°  C. 

55.7°F. 

99.14% 

8 

99.1 

290 

17 

62.9 

99.07 

9 

113.3 

294 

21 

69.5 

98.99 

10 

128. 

297 

24 

75.4 

98.93 

11 

141.7 

300 

27 

80.9 

98.87 

12 

156.1 

303 

30 

86.3 

98.81 

It  is  seen  that  under  very  high  condenser  pressures  the  quantity  remain- 
ing decomposed  is  a trifle  greater.  Since  this  decomposed  part  consists  of 
gases  ( Hs,  NM  difficult  to  liquefy,  this  part  will  not  condense;  it  will  he  car- 
ried as  ballast  through  the  condenser  and  evaporator.  Rut  as  the  quantity 
does  not  exceed  more  than  about  i per  cent,  the  loss  is  not  serious.  The  de- 
composed gases  may  become  dissolved  largely  in  the  liquid  ammonia. 

Fig.  2 also  indicates  that  with  wet  compression  the  amount  of  ammonia 
decomposed  during  the  compression  is  the  less  the  lower  the  superheat  at 
end  of  compression.  In  the  condenser  and  evapc>rator,  however,  there  is  no 
change. 

THE  DECOMPOSITION  OF  AMMONIA  AS  AFFECTED  BY  KINETIC  CONDITIONS 

So  far  we  have  concerned  ourselves  only  with  the  chemical  equilibrium 
of  gas  reaction,  equation  i,  and  have  found  that  at  temperatures  of  about 
t — ioo“  C.,  as  found  in  refrigerating  machines,  a perceptible  quantity  of 
ammonia  should  decompose  into  its  elements.  In  the  .same  way  there  ought 
to  be  formed  a considerable  amount  of  ammonia  at  the.se  temperatures  from 
a mixture  of  X-  -j-  3 H-.  In  contradistinction  to  this  theory,  the  actual  test 
proves  that  there  is  neither  a decomposition  of  the  pure  ammonia,  nor  a 
formation  of  the  same  out  of  the  elements  at  low  temperatures,  and  that  the 
condition  of  equilibrium  is  not  reached  in  either  case.  The  cause  for  this  lies 
in  the  fact  that  the  equilibrium  is  obtained  exceedingly  slowly  at  low  tempera- 
tures, owing  to  the  effect  of  the  exceedingly  inactive  nitrogen."  Hence  the 
velocity  of  reaction  is  here  almost  zero ; increases,  however,  rapidly  as  the 
temperature  is  increased.  A mixture  of  X-  -|-  3 H-  at  room  temperature  is 
chemically  indifferent,  not  because  of  the  absence  of  chemical  affinity,  but 
because  the  velocity  of  reaction  is  exceedingly  small.  Physico-chemists  do 
not  doubt  that,  for  example,  a mixture  of  hydrogen  and  oxygen  will  at 
ordinary  temperatures  change  gradually  to  water,  only  the  quantities  of  water 
formed  during  the  time  available  to  the  experimentors  are  not  great  enough 
to  be  measurable.  Evidently  the  determination  of  the  decomposition  of  gas 
mixture  does  not  only  depend  upon  the  equilibrium,  but  also  upon  the  velocity 
with  which  this  equilibrium  is  reached. 

It  has  been  found  that  in  the  case  of  different  gas  reactions  there  are 
certain  .solid  bodies,  in  the  presence  of  which  the  velocity  of  reaction  in- 
creases, without  the.se  bodies  suffering  any  chemical  change.  This  phenomenon 
is  known  as  catalytic.  For  example,  a catalytic  action  is  exerted  by  the  walls 
of  a vessel  containing  reaging  gases.  In  the  free  gas  space  the  velocity  of 
reaction  is  always  smaller  than  at  the  walls.  Our  knowledge  of  these  catalytic 
gases  is  as  yet  incomplete. 

We  will  briefly  review  previous  investigations  on  the  decomposition  of 
ammonia  as  affected  by  kinetic  conditions.  To  my  knowledge  Ramsay  and 


® In  the  production  of  oxide  of  nitrogen,  NO,  from  air  it  is  found  that  the  nitrogen 
rea7es  very  slowly  even  at  2000  deg.  C. 
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Young  (1884)  were  the  hrst  to  inv.estigate  this  subject.  They  operated  in 
the  temperature  interval  oi  t = 500®  C.  and  about  830®  C,  and  proved  that 
the  decomposition  of  ammonia  under  the  most  favorable  circumstances  com- 
menced but  slightly  below  500°  C.  But  to-day  we  are  positive  that  for  every 
temperature  below  500®  C.  there  must  be  decomposition  of  ammonia  which, 
however,  escaped  the  observers  within  the  short  testing  periods  at  their  dis- 
position, because  the  velocity  of  reaction  is  so  slow.  Ramsay  and  Young 
studied  the  decomposition  inside  of  tubes  made  of  various  materials,  and  in 
addition  introduced  in  the  reaction  vessel  various  solid  substances.  Tests 
were  made  with  a tube  of  porcelain  and  a tube  of  iron,  both  tubes  containing 
broken  pieces  of  porcelain.  It  was  found  that  the  decomposition  in  the  iron 
tube  was  one  and  one-half  to  two  times  greater  than  in  the  porcelain  tube. 
According  to  Fig.  i the  equilibrium  at  t > 500®  favors  N-  3 II2.  On  Fig.  i 
have  been  plotted  the  quantities  of  ammonia  found  by  Ramsay  and  Young  in 
the  iron  tube,  assuming  that  they  started  with  pure  ammonia.  It  is  seen  that 
the  decomposition  reaches  completion  at  ^ = 780°  C.  only.  Hence  beyond  this 
temperature  only  the  time  of  reaction  in  comparison  to  the  time  of  observa- 
tion may  be  neglected.  These  observations  agree  very  well  with  the  recent 
determination  l)y  Haber,’  who  found  that  the  velocity  of  reaction  at  t = 
700®  C.  was  still  so  small  that  the  equilibrium  could  not  be  reached  with 
certainty. 

Comparing  in  F'ig.  i the  curve  of  Ramsay  and  Young’s  values  with  the 
curve  representing  equilibrium  at  r atmosphere  pressure  (/>  = i),  it  is  seen 
that  the  two  curves  are  very  similar,  only  one  curve  is  moved  to  the  right 
about  450  to  500®  C.  Accepting  this  transition  of  the  curves,  the  quantities 
of  ammonia  actually  decomposed  at  low  temperatures  could  be  approximated 
by  means  of  equations  7 and  9,  the  resulting  values  becoming  very  small, 
e.xtending  the  duration  of  decomposition  over  months  and  years.  The  con- 
clusion would  be  reached  that  the  decomposed  quantities  are  too  small  to  be 
of  any  influence  in  the  working  of  the  refrigerating  machine  if  it  were  not 
for  another  circumstance,  the  exact  influence  of  which  is  beyond  calculation, 
but  tends  to  accelerate  the  decomposition.  VVe  will  revert  to  this  further  on. 

The  tests  by  Ramsay  and  Young  proved  that  the  decomposition  of  NH» 
progresses  slower  in  the  potcelain  than  in  the  iron  tube  (iron  being  a better 
catalysor),  but  their  tests  with  a glass  tube  showed  a still  slower  decomposi- 
tion, becoming  noticeable  only  at  780®  C.  Evidently  the  glass  surface  effec- 
tively hinders  the  decomposition. 

Perman  and  .A.tkinson”  also  made  tests,  working  between  temperatures  of 
/ = 677  and  1,1 1 1®  C.,  again  using  a reaction  vessel  made  of  porcelain.  The 
quantity  of  decomposed  ammonia  was  measured  by  the  resulting  pressure 
increase  at  constant  volume  (it  being  remembered  that  the  decomposition 
doubles  the  volume  at  constant  pressure).  The  investigators  proved  that 
the  decomposition  was  accelerated  by  the  presence  of  certain  metals,  such  as 
mercury,  iron  and  platinum.  Their  tests  are  difficult  to  interpret,  because  no 
two  tests  were  made  under  comparative  conditions.  In  each  case  a number 
of  variables  were  introduced  by  changing  at  once  the  temperature,  the  pres- 
sure, at  start,  and  the  catalysor.  The  one  positive  re.sult  which  may  be  based 
upon  these  tests  is  the  fact  that  the  reaction  in  the  main  takes  place  at  the 
surface  of  the  solid  bodies  and  not  in  the  gas  space.  Each  sort  of  solid 
catalysor  cau.sing  a different  reaction,  the  reaction  within  the  mass  of  gas 
would  necessarily  be  insignificant. 

The  third  important  work  was  done  by  Bodenstein  and  Kranendieck,® 
who  operated  between  780®  and  880°  C.  They  used  quartz  glass  for  the 
catalysor  and  the  reaction  vessel,  and  measured  the  decomposed  gases  by  a 
manometer  after  the  method  of  Perman  and  Atkinson.  Unfortunately  the 
material  they  used  renders  interpretation  of  their  splendid  and  systematic 


• Haber  and  Le  Rossignol,  Zeitschr.  f.  Klektrochemie,  14,  1908,  p.  194. 

® Perman  and  Atkinson,  Proc.  of  the  Royal  Soc.,  74,  1905,  p .110. 

" Bodenstein  and  Kranendieck,  Pestschrift,  \V.  Nernst  gewidmet,  1912  (pub.  by  Knap|k, 
Halle),  also  Kranendieck,  dissertation,  Hanover,  1912. 
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tests  very  difficult.  The  observers  reached  the  conclusion  that  the  reaction 
takes  place  not  so  much  on  the  smooth  surface  of  the  quartz  glass,  hut  on  the 
far  greater  surface  of  the  jiores  in  which  the  ammonia  is  adsorbed.  Hy  this 
they  explain  the  relatively  long  times  of  reaction  and  the  very  slow  increase 
of  reaction  velocity  at  increasing  temperature.  At  high  temperatures  the 
velocity  of  the  chemical  reaction,  equation  i,  is  doubtless  very  great.  But  the 
whole  process  of  decomposition  is  greatly  impeded  by  the  low  adsorption 
velocity  in  the  pores,  also  the  diffusion  of  the  undecomposed  ammonia  from 
the  gas  space  to  the  quartz  surface,  as  well  as  the  counter  diffusion  of  the 
products  of  decomposition  through  the  adsorbing  layer. 

The  tests  by  Perman  and  Atkinson  have  proven  the  accelerated  action 
of  certain  metals  upon  the  decomposition  of  ammonia,  while  the  tests  of 
Haber  and  Le  Rossignol"'  showed  that  the  formation  of  ammonia  also  was 
accelerated  by  the  presence  of  metals,  such  as  manganese,  iron  and  especially 
osmium  and  uran.  Clearly  iron  accelerates  the  approach  to  equilibrium  in 
both  directions.  Hut  all  catalysors  mentioned  arc  effective  only  at  high  tem- 
peratures. In  this  connection  a communication  by  Lipski"  is  of  importance, 
according  to  which  Cer  (Cerhydride  or  Cernitride)  is  a catalysor,  showing  its 
greatest  activity  in  the  synthetic  manufacture  of  atnmonia  in  the  temperature 
range  t = 200  to  300°  C.  Haber  and  Le  Rossignol,'"  however,  were  unable  to 
confirm  this  property  of  Cer, 


CONCLUSION 

In  view  of  all  that  has  preceded,  it  may  be  said  that  the  slowness  with 
which  the  reaction,  equation  i,  proceeds  at  low  temperatures  appreciably 
modifies  the  purely  statical  observations  made  in  the  first  half  of  this  article. 
Qualitatively  the  influence  of  temperature  and  pressure  variations  remain, 
hut  quantitatively  the  low  reaction  velocities  cause  a considerable  shifting  of 
the  re.sulting  gas  composition  in  the  direction  of  low  temperatures.  'Phis 
fact  is  of  great  advantage  in  mechanical  refrigeration,  because  a decomposi- 
tion of  the  ammonia  during  the  compression  w’ould  be  accompanied  liy  a 
corresponding  increase  in  volume,  and  therefore  an  increase  in  power  con- 
sumption; on  the  other  hand,  we  have  seen  that  the  refrigerating  capacity 
itself  is  scarcely  affected  by  the  decomposition,  even  at  the  point  of  equilib- 
rium, because  of  the  cooling  effect  in  the  condenser,  which  allows  at  most 
I per  cent  to  remain  decomposed. 

But  for  the  synthetic  manufacture  of  ammenia  the  low  reaction  velocity 
is  a disadvantage.  We  are  compelled  to  place  the  reaction  at  a higher  tem- 
perature level  where  nitrogen  and  hydrogen  remain  stable,  leaving  only  traces 
of  ammonia  to  be  obtained. 

The  result  now  arrived  at  does,  however,  not  quite  agree  with  actual 
practice,  because  cases  are  known  where  large  quantities  of  hydrogen  and 
nitrogen  have  been  found  in  the  mains  of  ammonia  refrigerating  machines.'" 
The  question  is,  how  did  this  decomposition  take  place?  No  doubt  in  every 
case  the  compressors  were  operated  with  a high  degree  of  superheat.  Hence, 
we  must  inquire  what  other  influences  outside  of  the  catalysor  might  favor 
decomposition.  These  influences  include  : 

1.  Effect  of  heat  (temperature  increase)  ; this  has  already  been  fully 
discus.sed. 

2.  Photo-chemical  effects  (radiation  by  short-waved  chemically  active 
rays). 

3.  Electro-chemical  effects  (cathode  rays,  quiet  electrical  discharge. 
Siemen’s  tubes,  arc-light  discharge),’® 

4.  Mechanical  impact  (sudden  compression). 

Of  the  effects  enumerated,  only  the  first  and  the  fourth  apply  in 


**  Haber  and  Lc  Rossignol,  Zeit.scbr.  f.  Elektrochcmie,  19,  1918,  p.  '>4. 

Lipski,  Zeitschr.  f.  Elektrocliemic,  1.5,  1909,  p.  189. 

S.  K.  E.  Journal,  May,  1915,  p.  10. 

Regarding  the  electro-chemical  equilibrium  of  ammonia,  see  especially  Davies, 
Zeitschr.  f.  Physik.  Chemie,  64,  1908,  p.  6,57. 
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mechanical  refrigeration.  The  exceedingly  short  time  (0.2  to  0.05  seconds) 
available  for  the  compression  of  the  ammonia  vapors,  especially  in  high- 
speed machines,  may  greatly  favor  the  decomposition  of  ammonia.  The 
extent  of  the  effect,  however,  cannot  he  calculated.  At  any  rate,  the  rapid 
compression  may  be  considered  as  equal  to  mechanical  impact,  and  therefore 
the  decomposition  in  the  compressor  cannot  be  compared  with  that  obtained 
in  laboratory  vessels. 

Acceleration  of  the  decomposition  by  the  compression  impact  appears  to 
be  the  only  pt^ssible  explanation  for  the  noticealile  quantities  of  products 
of  decomposition  found  in  practice.  In  this  case  the  decomposition  is  ob- 
jectionable. because  the  quantities  once  decomposed  are  not  recovered 
because  of  the  slow  reaction  velocity  obtaining  also  in  the  formation  of 
ammonia,  even  if  their  temperature  by  the  action  of  the  cooling  water  in  the 
condenser  remains  unchanged.  They  reduce  the  refrigerating  capacity  and 
increase  the  power  consumption  until  they  are  expelled  from  the  system. 

Wherever  the  condenser  pressure  is  unduly  high,  as  in  cases  of  very  low 
temperatures  and  unfavorable  conditions  of  cooling  water,  a>ul  where  with 
dry  compression  high  temperatures  of  superheat  are  to  be  expected,  it  will 
be  advisable  to  resort  to  means  for  ameliorating  the  decomposition.  The  fol- 
lowing expedients  are  suggested : 

1.  .‘\voidance  of  high  speed. 

2.  Abandonment  of  comi)lctely  dry  compression;  adjusting  of  the  feed 
valves  in  such  manner  that  the  temperature  in  the  discharge  pipe  will  be  at 
most  80®  to  too®  C.  (176°  to  212®  F. ). 

3.  F.ffort  to  reduce  to  a minimum  the  time  of  exi>osure  to  high  tempera- 
ture. This  may  be  accomplished  by  water-jacketing  the  discharge  pipe  right 
at  the  coinpres.sor  cylinder  to  promptly  remove  the  superheat.  A cylinder  of 
sheet  metal  around  the  discharge  pipe  with  cooling  water  Howing  in  opposite 
direction  to  the  gas  should  meet  the  reciuirements. 

4.  Improving  the  catalytic  action  of  the  surfaces  enclosing  the  hot  gas. 
We  have  seen  that  iron  favors  the  decomposition  of  ammonia,  w'hile  glass 
hinders  it.  Hence,  it  would  seem  justified  to  line  the  discharge  pipe  in  its 
hottest  section  with  enamel  or  some  similar  coating."  No  such  expedients 
can  be  applied  in  the  compressor  cylinder,  but  liy  proportioning  diameter  and 
stoke  in  such  a way  that  a minimum  of  surface  is  obtained,  an  improvement 
will  be  gained  also  from  the  viewpoint  of  diminishing  cylinder  heating. 

The  author  is  of  the  ojiinion  that  in  no  case  are  the  quantities  of  de- 
composed ammonia  in  the  system  sufticient  to  form,  with  the  atmosphere, 
an  explosive  mixture.  Me  holds  that  the  explosions  reported  can  only  have 
occurred  by  great  quantities  of  undecomposed  ammonia  escajiing  from  the 
machine.  Tn  striking  open  lights  these  became  sufficiently  heated  to  cause  high 
reaction  velocities,  thus  causing  a complete  decomposition  of  the  ammonia 
outside  of  the  machine.  The  resulting  great  quantities  of  hydrogen  becoming 
mixed  with  the  oxygen  of  the  air  caused  the  e.xplosions.  It  was  shown  in  the 
first  iiart  of  this  article  that  complete  decomposition  of  the  ammonia,  after 
escape  into  the  atmo.sphere.  was  accomplished  much  more  readily  than  inside 
the  machine,  because  of  the  very  low  partial  pressure. 

The  same  condition  holds  when  an  open  light  is  introduced  into  a com- 
pressor. 'file  tiame  induces  the  decomposition,  and  therefore  open  Haines 
should  be  prohibited  in  the  neighborhood  of  ammonia  machines. 

The  writer  agrees  with  M.  Krause,  who  is  of  the  opinion  that  in  the  tests 
of  Schlumberger  and  Piotrowski.'*  the  electrical  spark  caused  local  decom- 
jiosition  of  the  ammonia.  The  combustion  of  the  hydrogen  raised  the  tem- 
perature of  the  remaining  mass  of  gas  to  that  corresponding  to  high  reaction 
velocities,  effecting  complete  decomposition  of  the  entire  quantity. 


“ Kiiamded  & KtiginceriiiK  Co.,  Elyria,  O. 

Journal  f.  (iasbeleuchtung  mul  Wasserversorgung,  1914,  p.  941. 
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GAS  PRODUCERS  WITH  BY-PRODUCT  RECOVERY 


Gas  Pkoduckrs  with  By-Product  Recovery.  By  Arthur  H.  Lynin,  London^ 
England.  Pre.sented  at  the  New  York  local  section  of  the  American 
Society  of  Mechanical  Engineers,  Xovember  lo,  1914.  Journal  of  the 
A.  S.  M.  E.,  May,  1915.  i.3  PP- ; 22  Figs. 


A historical  resume  of  the  development  of  the  producer-gas  generating 
art  is  given,  beginning  with  an  illustrated  description  of  Young  & Beilby’s 
by-product  gas  producer,  by  which  the  inventors  claimed  as  early  as  1883  to- 
recover  in  the  form  of  ammonia  from  Co  to  70  per  cent  of  the  total  nitrogen 
in  the  fuel.  In  the  same  year  Dr.  Ludwig  Mond  patented  his  well-known 
by-product  recovery  process,  which  was  put  into  commercial  use  about  1890.. 

In  both  the  Young  and  the  Mond  producers  distillation  took  place  in  a 
downward  direction  in  the  upper  part,  the  coke  residue  being  gasified  in  the 
lower  part,  the  gases  mixing  and  leaving  the  producer  together. 

In  the  Quintin  Moore  system  the  ammonia  yield  was  claimed  to  be  in- 
creased with  only  about  half  the  amount  of  steam  in  the  air  blast,  by  a 
design  in  which  the  producer  was  divided  into  three  parts — a lower  brick- 
lined  part,  a middle  water- jacketed  part  and  an  upper  air-cooled  part. 

In  the  Lymn  system  effort  was  made  to  employ  the  advantages  of  the 
former  types  without  their  disadvantages.  In  this  producer  the  cumbersome 
tile-packed  tower  or  horizontal  dasher  w'ashers  were  replaced  by  vertical 
washers,  in  which  intensive  washing  was  realized,  principally  through  the 
momentum  of  the  gases.  This  type  of  washer  first  had  a series  of  co-axial 
revolving  discs,  the  top  one  of  which  sprayed  the  liquid  into  a collecting  cone, 
which  delivered  it  into  the  next  disc  below,  but  when  it  was  found  that  the- 
movement  of  the  gas  was  more  effective  than  that  of  the  discs,  this 
mechanical  feature  was  eliminated.  In  the  Lymn  system  exactly  the  same 
kind  of  apparatus  is  employed  for  absorbing  the  ammonia  and  recovering  the 
steam  as  for  washing  the  gas.  To  remove  final  traces  of  tar,  centrifugal 
cleaners  and  dry  scrubbers,  such  as  proposed  by  H.  F.  Smith,  are  employed. 
Another  improvement  claimed  by  the  author  is  means  of  removing  much  of 
the  dust  in  a dry  state  by  means  of  cyclone  dust  separators  of  .special  design. 
Mechanical  agitation  of  the  ash  and  fuel  zones  and  mechanical  removal  of 
the  ash  were  employed. 

.'\mong  the  interesting  data  given  in  tabular  form  may  be  cited  the- 
following,  derived  from  actual  operating  results  of  a L>Tun  system  : 


Yield  of  sulphate  of  ammonia  per  ton  coal.. 
Yield  of  tar  (containing  water)  per  ton  coal. 

Sulphur  contained  in  gas  (average) 

Tar  contained  in  gas  (average) 

Nitrogen  efficiency  during  both  periods 


First 
4 Weeks 
60  lbs. 
230  lbs. 
0.63 
0.04 


Second 
4 Weeks 
61  lbs. 


237  lbs. 

per  cu.  m. 
^ ** 


70  per  cent 


In  conclusion,  the  author  calls  attention  to  the  importance  of  the  sulphate 
of  ammonia  industry,  showing  by  means  of  curves  that  between  1900  to  1913 
the  value  of  this  commodity  imported  into  the  United  States  ranged  from  a 
minimum  of  $500,000  to  $6,500,000  per  year,  at  a cost  of  from  $55.00  to  $67.00- 
per  ton.  T he  more  than  5(x),ooo,<xx)  tons  of  coal  produced  per  annum  in  the 
United  States  contains  on  an  average  of  1.3  per  cent  nitrogen  in  the  form 
of  ammonium  sulphate,  would  have  a value  of  $600,000,000. 
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ICE  MAKING  BY  CENTRAL  STATION  POWER 

Ice  Making  as  a By-product  of  Central  Stations.  Haywood  Cochran, 
Chicago,  111.  Journal  of  the  American  Society  of  Mechanical  Engineers, 
July,  1915.  6 pp. 

In  his  paper  read  before  the  Chicago  local  section  of  the  A.  S.  M.  E.  the 
writer  describes  the  compression  and  absorption  types  of  refrigerating 
machines  and  shows  how  they  can  be  operated  in  connection  with  central 
stations.  These  ice  plants  may  be  operated  as  the  property  of  the  central 
station,  adjacent  to  which  they  are  usually  located,  in  which  case  exhaust 
steam  absorption  machines  may  be  employed,  or  as  privately-owned  plants 
located  at  points  most  favorable  for  the  distribution  of  ice,  in  which  case  com- 
pression systems  are  usually  employed,  driven  by  electric  current  or  steam 
purchased  from  the  central  station. 

Where  absorption  machines  are  employed  and  water  is  available  at  70°  F., 
the  plant  can  be  so  designed  as  to  require  an  exhaust  steam  pressure  of  only 
3 pounds  in  the  generator.  .About  55  to  Co  pounds  of  steam  per  hour  per  ton 
of  ice  is  required  for  this  purpose.  With  from  go^’to  95“  condensing  water  it 
is  not  possible  to  run  on  less  than  from  20  to  25  pounds  exhaust  steam  pres- 
sure because  of  the  resulting  high  condeiLser  pressure. 

It  is  claimed  that  when  properly  designed  the  absorption  machine  is  ideal 
for  w'arm  water  conditions,  because  it  takes  comparatively  little  more  steam 
in  the  generator  to  produce  200  pounds  than  it  does  to  produce  150  pounds 
pressure,  just  as  it  takes  little  more  coal  to  carry  a boiler  pressure  of  125 
pounds  than  it  does  for  100  pounds  (less  than  i per  cent). 

-An  electrically-driven  compression  plant  will  require  from  43  to  70- 
kilowatt  hours  per  ton  of  ice  per  day,  depending  upon  its  size  and  other  con- 
ditions. At  I cent  per  kilow-att-hour  the  power  cost  per  ton  averages  betw'een 
50  and  60  cents.  Table  2 of  his  paper  shows  the  operating  cost  of  compression 
machines  using  various  .sources  of  pow'er. 

From  the  central  station  manager’s  standpoint  the  electrically-driven, 
privatel3'-owmed  ice  plant  is  preferable,  but  in  smaller  cities  it  is  more  profitable 
for  the  central  station  to  control  the  ice  plant. 

From  the  ice  plant  manager’s  standpoint  the  advantages  of  purchasing 
power  at  a cost  of  50  cents  a ton  or  over  is  very  questionable.  Tabulated 
records  of  the  Muncie  Ice  & Coal  Co.,  Muncie,  Ind.,  give  an  average  ratio 
of  8.86  pounds  of  ice  per  pound  of  coal  burned  and  an  average  fuel  co.st  per 
ton  of  ice  of  $0,203.  w'hich,  plus  fireman’s  wages,  interest  and  depreciation  on 
the  boiler  plant,  should  not  exceed  $0.35.  In  a properly  designed  combination 
plant  consisting  of  a 20-ton  compression  and  a 6o-ton  absorption  unit,  for 
example,  a still  lower  fuel  cost  per  ton  of  ice  is  pos,sible.  In  this  case  the 
compression  machine  would  be  used  on  one-half  of  the  coils  in  one  of  two 
40-ton  tanks  and  the  absorption  machine  on  the  remaining  coils.  The  com- 
pressor engine  and  auxiliaries  would  furnish  the  3,600  pounds  of  steam  per 
hour  required  by  the  ab,sorption  machine  generator.  In  a raw'  w’ater  plant,  in 
which  an  evaporation  of  6 is  obtained  w'ith  $2.00  coal,  the  fuel  cost  per  ton 
of  ice  w'ould  be  $0.16.  Such  an  8c-ton  plant  should  be  operated  with  one  125- 
horsepower  boiler  with  another  of  the  same  size  in  re.scrve.  Adding  to  the  fuel 
cost,  labor,  interest  and  depreciation,  the  cost  per  ton  should  not  be  over 
$0.30.  In  the  above  svstem  there  w'ill  he  plenty  of  distilled  w'ater  available  for 
filling  cores.  Distilled  w'ater  ice  can  be  made  at  a slightly  increased  cost. 

The  author  concludes  w'ith  an  interesting  description  of  an  exhaust  steam 
absorption  ice  plant  installed  in  the  South,  in  w’hich  there  are  two  2,500- 
kilow'att  turbines  running  condensing,  also  a 75-horsepower  turbine  direct  con- 
nected to  centrifugal  pump.  The  guaranteed  .steam  consumption  of  the  tur- 
bine was  70  pounds  per  horsepower-hour  when  operating  with  200  pounds 
steam  and  exhausting  against  25  pounds  back  pressure,  this  being  20  pounds 
more  than  when  exhausting  into  the  feed-w'ater  heater  at  atmospheric  pressure. 
In  this  plant  the  average  cost  of  producing  ice  during  the  entire  year  was 
$0.4062  per  ton. 
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Water  estimated  at  70  deg.  Fahr.  Suction  pressure  15U).  Power  included  for  itumping  water  svith  60  foot  head.  'Minimum.  Condenser  pressure  185  lb.  Ammonia  used  as 
refrigerant.  tMaximum.  .\bove  costs  do  not  include  interest  on  investment,  depreciation,  taxes,  insurance,  management  or  any  other  fixed  charges.  Power  is  based  on  summer 
conditions.  Less  power  will  be  required  if  yearly  average  is  hgured  on.  Oil  engine  fuel  requirements  ba.sed  on  engines  of  Diesel  type. 
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It  is  further  pointed  out  that  while  it  is  perhaps  advisable  to  use  the 
exhaust  from  the  auxiliaries  in  condensing  plants,  in  all  cases  it  is  entirely 
possible  to  bleed  sufficient  steam  from  an  intermediate  stage  of  a condensing 
turbine. 

A 2,500-kilowatt  turbine  running  at  full  load  with  27J/2  inches  of  vacuum 
used  14.85  pounds  steam  per  kilowatt-hour.  When  the  turbine  was  operated 
under  the  same  conditions,  except  that  5,coo  pounds  of  steam  at  from  2 to  5 
pounds  pressure  was  extracted  per  hour,  the  steam  consumption  was  in- 
creased to  16.32  pounds.  This  is  an  increase  of  3,675  pounds  per  hour,  and  as 
the  5,000  pounds  of  steam  will  make  85  tons  of  ice,  the  extra  steam  amounts 
to  43  pounds  per  hour  per  ton  of  ice.  If  the  engine  is  operated  at  half  load, 
and  5,000  pounds  of  steam  is  extracted  per  hour,  the  steam  consumption  will 
be  16.8  pounds,  in  which  case  the  extra  steam  will  amount  to  28}4  pounds 
per  hour  per  ton  of  ice.  It  is  therefore  more  economical  to  extract  steam 
from  a condensing  turbine  operating  at  half  load  than  at  full  load,  but  in 
neither  case  is  the  economy  as  high  as  when  the  exhaust  from  non-condensing 
auxiliaries  is  employed. 

About  the  same  amount  of  extra  steam  would  be  required  to  make  85 
tons  of  ice  if  the  turbine  runs  at  full  capacity,  condensing,  and  current  is  taken 
from  it  to  drive  electrically-driven  compression  machines  as  for  an  absorption 
machine  of  the  same  capacity  operating  on  steam  bled  from  the  turbine.  In 
the  first  case,  however,  the  available  output  of  the  turbine  would  be  reduced 
by  the  amount  of  the  current  consumed  by  the  comiiression  machine,  while  in 
the  second  its  full  capacity  would  be  available  for  commercial  purposes. 

In  the  discussion  which  followed  the  reading  of  this  paper  it  was  stated 
that  about  a third  of  a million  tons  of  ice,  or  about  10  per  cent  of  Chicago’s 
total  requirement,  is  now  being  made  in  eighteen  plants  driven  by  central 
station  power.  On  account  of  the  low  increment  cost  of  taking  on  load  of  this 
kind,  power  is  sold  for  ice  making  at  i cent  per  kilowatt-hour. 


CONDENSATION  OF  GASOLINE  FROM  NATURAL  GAS 


The  Condens.ation  of  G.\soi.i.\e  from  Kati  r.m.  G.\s.  George  A.  Burrell. 
I'rank  M.  Seibert  and  G,  G,  Oberfell.  Bulletin  88,  Petroleum  Tech- 
nology 20,  United  States  Department  of  the  Interior,  Bureau  of  Mines, 
February,  1915.  100  pp.,  18  figs. 


A comprehensive  review  of  the  development  of  methods  first  put  into 
commercial  use  in  about  1904  for  the  manufacture  of  gasoline  from  the 
various  gases  and  entrained  vapors  escaping  from  combined  oil  and  gas  wells. 
“Petroleum  in  the  so-called  paraffin  oil  fuels  con.sists  of  hydrocarbons  of 
the  paraffin  series,  which  range  from  the  heaviest  oil  to  the  lightest  gas.” 
Chemically  the  more  important  of  the  series  are  the  following; 


Methane  (Clh). 
Ethane  (GH,).. 
Propane  (Calls). 
Betane  (C«H  lo) . • 
Pentane  (CsHw). 
Hexane  (C«Hu). 
Heptane  (CjHt«) 


r-Boiling  Point—N 
“C.  (“Fahr.) 
. — itx)  (—256  ) 
• — 93  (—135  ) 

■ — 45  (—  49  ) 

i.o(  33.8) 

36.4  ( 97  ) 

. 68.9  ( 156  ) 

98.4  ( 2C9  ) 


/ Liquefying  at s 

°C.  (“Fahr.) 

—95.5  (—139)  and  735  lbs.  pressure 
—81.8  (—115)  “ 807  “ 

35  ( 95)  “ 664  “ 

97  ( 206)  “ 647  “ 


The  first  four  of  these  hydrocarbons,  as  will  be  seen  from  their  boiling 
points,  are  gases  under  ordinary  conditions,  the  last  three  liquids,  the  latter 
group  being  the  chief  con.stituents  of  that  very  definite  fuel — gasoline.  In 
the  earth  the  gases  may  be  free  or  in  solution  in  the  liquid  constituents  de- 
pending largely  on  pressures.  When  the  pressure  is  relieved  these  gases  escape 
from  the  solution,  producing,  in  expanding,  a certain  amount  of  refrigeration 
which  may  precipitate  some  of  the  heavier  constituents,  such  as  paraffin. 

The  process  by  which  the  less  volatile  of  the  gaseous  constituents  is 


Digitized  by  Googie 


REVIEW 


49 


recovered  in  the  form  of  a “condensate/'  and  blended  with  naphthas  to  form 
commercial  gasoline,  is  one  of  refrigeration,  though  in  the  majority  of  cases 
refrigerating  machines  proper  are  not  employed.  The  gases  are  compressed 
ine  one,  two  or  three-stage  compressors  and  cooled.  Although  products  of 
widely  different  gravities  and  boiling  points  are  separated  out  in  different 
parts  of  the  cooling  apparatus,  it  appears  that  they  are  again  mixed,  before 
being  blended,  with  the  lower  gravity  oils.  The  more  volatile  constituents 
of  the  condensate,  which  migh^  give  rise  to  dangerous  pressures  in  shipping 
containers,  are  allowed  to  escape  by  a process  of  “weathering.” 

The  complexity  of  problems  having  to  do  with  the  liquefaction  of  mix- 
tures of  various  gases  having  different  boiling  points  occurring  in  varying 
and  usually  unknown  proportions,  under  which  conditions  the  same  pressure 
and  temperature  may,  but  in  the  general  case  will  not,  liquefy  the  same  gas, 
evidently  limits  research  principally  to  "cut  and  try”  methods.  Pressures  such 
as  will  give  the  best  results  under  existing  commercial  conditions  and  tempera- 
tures of  cooling  media  available  are  employed.  Blending  and  weathering  is 
carried  out  principally  for  the  purpose  of  rendering  the  products  of  con- 
densation safe  to  transport,  those  constituents  not  being  readily  utilizable  in 
the  form  of  gasoline  being  returned  to  the  mother  gas,  which  may  be  used  for 
heating,  lighting  or  pumping  purposes,  or,  as  seems  to  be  the  more  general 
method,  are  allowed  to  go  to  w'aste.  The  economic  crime  of  the  latter  method 
is  evident  from  the  statement  of  the  bulletin,  that  “unless  greatly  contaminated 
w'ith  air  it  is  superior  to  that  ordinarily  used  in  cities  and  towns.” 

The  danger  from  explosions  of  the  explosive  mixtures  that  may  be  formed 
by  the  volatile  oils  and  gases  mixed  with  air  drawm  into  the  systems  operating 
under  a vacuum  is  apparent  to  refrigerating  engineers,  especially  wdien  it  is 
remembered  that  the  pressures  employed  may  range,  according  to  the  nature 
of  the  gas,  from  as  low  as  50  pounds  to  as  high  as  350  pounds  per  square  inch. 

Aside  from  the  danger  of  explosion  the  infiltration  of  air  has  the  effect 
of  reducing  the  condensate  yield  through  dilution  of  the  gases,  which  prevents 
them  from  being  liquefied  at  the  usual  pressures.  .As  oxygen  is  not  found 
as  a constituent  of  natural  gas,  its  presence  in  the  system  is  an  absolute  in- 
dication of  air  leaks. 

That  mechanical  refrigeration  will  play  an  important  part  in  the  future 
of  this  enterprise  seems  to  be  assured  by  the  present  success  of  such  systems, 
but  the  use  of  low  temperature  refrigeration  will  find  its  maximum  applica- 
tion only  after  a market  has  been  developed  for  the  more  volatile  constituents 
of  natural  gas,  w'hich  are  now  so  largely  w^asted  or  at  best  utilized  in  only  the 
gaseous  form. 

The  value  of  gasoline  that  has  been  w'asted  in  the  past  amounts  in  some, 
instances  to  as  high  as  20  per  cent  of  the  oil  produced,  and  10  per  cent  is 
said  to  be  a conservative  estimate  of  the  loss  under  average  conditions. 


REFRIGERATION  IN  TREATMENT  OF  TYPHOID  FEVER 

Use  of  Refriger.vtion  in  the  Treatment  of  Typhoid  Fevi-2<.  Le  Froid, 
Vol.  II,  No.  8.  August-December,  1914.  (Appeared  June,  1915.)  4 pp. 

It  is  interesting  to  note  that  the  use  of  refrigeration  in  the  treatment  of 
typhoid  fever  is  becoming  more  and  more  general. 

On  January  5.  1915,  Dr.  Franz  Glenard  lectured  before  the  Academie  de 
Medicine  on  the  beneficial  effects  of  cold  baths  in  the  treatment  of  typhoid 
fever,  according  to  a method  originated  by  Brandt  and  introduced  in  France 
40  years  ago.  He  stated  that  the  natural  mortality  from  this  contagious 
disease  was  20  per  cent,  increasing  after  epidemics  to  as  high  as  60  per  cent 
(siege  of  Paris,  1870),  while  by  the  use  of  cold  baths  the  loss  was  kept  down 
to  12  or  10  per  cent.  The  latter  are  nearly  twice  as  effective  as  are  mixed 
treatments  in  which  some  anti-thermics,  such  as  salycilic  acid  or  quinine 
is  administered  beside  the  baths. 

The  method  of  procedure  adopted  in  ordinary  cases  of  typhoid  fever  is 
as  follows : Whenever  the  rectal  temperature,  which  must  be  taken  every  3 
hours,  day  and  night,  from  beginning  to  end  of  sickness,  reaches  or  exceeds 
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3g°  C.  ( 102.2*  I-'.),  the  patient  is  to  take  a Ijath  for  15  minutes  in  water 
cooled  to  68°  F.  At  start,  middle  and  end  of  bath,  head  and  neck  to  be 
splashed  for  one  minute  with  water  at  59°  F.  During  intervals  l)etween  the 
first  baths  apply  cold  compresses  to  alleviate  the  local  symptoms  not  removed 
by  the  baths.  Light  nourishment  to  be  given  after  each  bath.  Give  frequent 
drinks  of  cold  water,  in  severe  cases  half  to  i quart  good  wine  in  24  hours. 

In  irregular  or  complicated  forms  of  the  disease  another  method  is  re- 
sorted to.  The  initial  temi)erature  of  the  bath  is  reduced  from  97°  to  68°  1'. 
within  20  or  30  minutes.  If  the  refrigerating  action  appears  to  predominate 
over  the  stimulating  action,  a half-bath  of  82°  J'\  for  5 to  ic  minutes  with 
very  cold  showers  is  recommended  to  induce  the  stimulating  action,  after 
which  the  regular  method  is  followed  again  until  the  complications  have 
disappeared. 

After  giving  further  detailed  suggestions  the  author  concludes  that  hospitals 
for  the  treatment  of  such  cases  should  have  rooms  cooled  to  less  than  68°  F., 
with  bathing  facilities  in  the  center.  V'ery  much  can  be  accomplished  also  by 
means  of  ice  used  in  bags,  for  which  the  f rench  paper  gives  useful  hints. 


BOILER  LOSSES 

.A,  Stihy  of  Roii.kr  Lo.ssks.  By  P.  Kratz.  Bulletin  Xo.  78.  Engineering 
Experiment  Station,  University  of  Illinois,  .\pril,  1915.  72  pp.,  31 

cuts,  19  tables. 

The  purposes  of  the  investigation,  as  outlined  by  the  author,  were  to 
determine  the  "conditions  prerequisite  for  the  continuous  operation  of  the 
new  power  plant  at  the  University  of  Illinois,  and  to  permit  a detailed  study 
of  the  boiler  and  furnace  losses  under  varying  conditions  of  load,  depth  of 
fuel  bed  and  draught.  .\  majority  of  the  trials  were  made  with  fresh  coal 
from  Danville.  One  series,  however,  was  made  with  weathered  coals  from 
Sangamon,  Williamson  and  Vermilion  counties  to  determine  the  effect  of 
weathering.  'I'he  plant  consisted  of  Babcock  & Wilcox  boilers  equipped  with 
stokers  of  the  chain-grtate  type.  The  results  of  the  24  tests  are  .shown 
in  t6  tables,  in  which  the  items  are  arranged  in  accordance  with  the  Boiler 
Test  Code  of  the  American  Society  of  >Iechanical  I'.ngineers.  Three  effi- 
ciencies were  determined,  viz,:  the  efficiency  of  furnace  and  grate,  the 
efficiency  of  the  furnace,  and  the  efficiency  of  the  boiler,  exclusive  of  boiler 
and  grate.  The  results  of  the  tests  indicate  that  the  best  efficiency  under 
full-load  conditions  was  obtained  with  a fuel  bed  of  from  7 to  7K>  inches 
in  thickness.  Under  normal  conditions  of  load  and  lire  the  over-all  efficiency 
averaged  about  65  per  cent.  This  represented  actual  operating  efficiency,  and 
as  such  was  in  accord  with  good  practice.  The  efficiency  of  the  grate  and 
furnace  was  fairly  constant  for  all  loads  and  depths  of  fuel  bed.  The  loss 
in  efficiency  at  higher  loads  was  due  to  reduced  heat  absorption  by  the 
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Fu:.  2. — Relation  between  load  and  efficiency  of  boiler,  excluding 
furnace  and  grates. 


boiler.  The  curves  shown  in  Fig.  i and  Fig.  2 allow  interesting  comparisons 
to  be  made  between  the  efficiency  of  the  boiler,  furnace  and  grate,  and  the 
boiler  only,  at  different  loads  and  different  thicknesses  of  lire  beds.  The 
deterioration  dUe  to  weathering  for  six  years  is  shown  in  Table  i. 


T.Mu.r,  1. — Dktfrior.\ti.\(;  Uuk  to  Weathkrinc; 


Coal. 

How 

Stored 

Jan. 

1908. 

Jan. 

1914. 

Per  Cent 
Passing 
a V4" 
Screen. 

1 

n.  t.  u. 
per  I.b. 
Dry  Coal  7 
Days  .\fter 
Milling. 

Per  Cent 
Passing 
a .4'' 
Screen. 

B.  t.  u. 
per  Lb. 
Dry  Coal 
at  Time  of 
Test. 

Sangamon  Co.  Nut . 

Open  bin 

1.2 

1 11800 

31 .9 

11179 

Sangamon  Co.  Screc^iings. .... 

Covered  bin 

20  . :i 

11084 

4.’i.l 

10497 

Williamson  Co.  Kut. 

Covered  bin 

1.4 

1 12:141 

13.9 

12103 

Williamson  Co.  Screenings. . . . 

Covered  bin 

.38.  S 

1 12287 

12.9 

121.i3 

Vermilion  Co,  . Kut 

Open  bin 

1.3.0 

12412 

3.'>.0 

1198.5 

'I'he  paper  closes  with  a valuable  and  instructive  appendix  of  eighteen 
pages  containing  formulas  and  forms  for  calculating  boiler  trials. 


KILLING  OF  PLANT  TISSUE  BY  LOW  TEMPERATURE 

The  Killing  of  Pl.\nt  'J'is.sue  uy  Low  Tem  i*er.\ti’rk.  W.  H.  Chandler.  Mis- 
souri Sta.  Research  Bui.  Xo.  8.  pp.  143-309. 

The  work  reported  in  this  paper  was  begun  during  the  season  of  1904-5. 
While  the  studies  were  undertaken  primarly  to  determine  the  effect  of  certain 
cultural  methods  on  the  hardiness  of  peach  fruit  buds  under  climatic 
conditions  that  prevail  in  the  southern  half  of  .Missouri,  they  have  been  so 
extended  as  to  embrace  a general  study  of  the  "freezing  to  death”  of  plant 
tissue.  In  addition  to  peaches  and  other  orchard  fruits  many  vegetables  and 
other  cultivated  plants  have  been  included  in  the  author’s  exiierimcntal  studies. 
The  results  of  this  work  are  tabulated  and  fully  discussed  in  connection  with 
the  results  secured  by  various  investigators.  The  subject  matter  is  presented 
under  the  following  general  headings:  Review  of  literature  on  freezing, 

effect  of  sap  density  on  temiierature,  other  features  that  intUience  the  freezing 
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to  death  of  plants,  effect  of  previous  exposure  to  temperature  slightly  above 
killing  temperature,  relation  of  low  temperature  to  peach  growing,  varieties 
with  the  longest  rest  periods,  effect  of  vigor  of  threes  on  rest  periods,  breed- 
ing varieties  hardy  under  Missouri  conditions,  killing  of  apples  and  killing 
of  cherries  and  plums. 

The  most  commonly  accepted  theory  dealing  with  the  freezing  to  death 
of  plant  tissues  seems  to  be  that  killing  from  cold  is  due  to  the  withdrawal 
of  water  from  the  protoplasm.  Results  of  many  investigations  show  that  the 
water  generally  moves  out  of  the  cells  to  form  ice  crystals  in  the  intercellular 
spaces.  The  amount  of  water  loss  necessary  to  result  in  death  varies  with 
different  plants  and  different  tissues.  Experimental  data  secured  by  the 
author  lead  him  to  conclude  that  freezing  to  death  cannot  be  attributed  to 
precipitation  of  proteids,  as  claimed  by  some  investigators. 

The  author’s  experiments  with  seedlings  of  various  plants  and  with  twigs 
bearing  small  apples,  peaches  and  cherries  show  that  for  plant  tissues  that 
kill  at  relatively  high  temperature  the  killing  temperature  is  reduced  when- 
ever the  sap  density  or  molar  concentration  of  the  sap  of  the  tissue  is  in- 
creased. In  these  studies  increases  in  sap  density  were  l)rought  about  by 
using  mineral  salt  solutions  and  also  by  watering  the  seedlings  sparingly. 
When  sap  density  was  reduced  by  shading  the  plants  the  amount  of  killed  tis- 
sues at  a given  temperature  was  increased. 

Practically  all  plants  used  in  freezing  experiments  in  this  work  were  tested 
with  reference  to  the  effect  of  rapid  thawing.  The  results  show  that  in  ad- 
dition to  ripe  apples,  pears  and  the  leaves  of  Agave  amcricana  observed  by 
Muller-Thurgau  and  Molisch,  leaves  of  lettuce  kill  at  slightly  lower  tempera- 
ture if  they  are  thawed  slowly  than  if  thawed  rapidly.  In  the  case  of  all 
other  tissues  tested,  either  by  the  author  or  by  others,  however,  including 
unripe  apples  and  pears,  there  is  jio  indication  that  the  rate  of  thawing  has 
anything  to  do  with  the  amount  of  killing  at  a given  temperature.  Rapid 
wilting  of  tissue  has  not  generally  increased  the  resistance  of  plants  to  low 
temperature  over  that  of  unwilted  tissue  with  a dry  surface.  Tissue  with  a 
wet  surface  killed  worse  at  a given  temperature  than  did  tissue  with  no 
moi.sture  on  the  surface.  Slow  wilting  or  partial  withholding  of  water 
through  a long  period  was  found  to  increase  the  re.sistance  of  tissue  to  low 
temperature.  In  case  of  hardy  winter  buds  and  w'ood  a rapid  decline  in  tem- 
perature greatly  increa.sed  the  severity  of  injury  from  a given  low  tempera- 
ture. Previous  exposure  of  plant  tissue  to  low  temperature  above  that  at 
which  the  tissue  kills  seems  to  increa.se  its  resistance  to  low  temperature. 

As  between  different  plants  there  appears  to  be  no  con«tant  relation  be- 
tween the  rate  of  growth  of  plant  tissue  and  resistance  to  low  temperature. 


EFFECT  OF  TEMPERATURES  ON  POTATO  SCAB  ORGANISM 

Effect  of  Temper.\tures  on  Germin.ation  .and  Growth  of  the  Common 
PoT.ATO  Scab  Organism.  Michael  Shapovalov,  Assistant  Plant  Patholo- 
gist, Maine  Agricultural  Station.  Journal  of  Agricultural  Research, 
May,  1915-  5 PP- 

The  article  describes  the  results  of  experiments  conducted  by  the  writer 
on  several  strongly  pathological  strains  isolated  from  diseased  specimens  of 
potatoes  received  from  Maine,  Vermont  and  Wisconsin.  Slides  of  the 
cultures  placed  in  incubators  of  the  required  temperatures  were  removed 
hourly  for  microscopic  examination. 

The  maximum  temperature  for  growth  was  found  to  be  a little  below 
41®  C.  (106®  F.),  the  optimum  from  25°  C.  (77°  F.)  to  30°  C.  (86®  F.),  and 
the  minimum  about  5°  C.  (41®  F.). 

Germination  was  most  rapid  between  35®  C.  (95®  F.)  and  40°  C.  (104® 
F.")  ; but  these  temperatures  were  found  unfavorable  for  long-continued 
growth.  Minimum  temperatures  of  germination  were  not  determined  at  this 
time,  but  the  writer’s  previous  experiments  show  that  is  somewhere  near  5®  C. 
(4T®  F.). 

These  determinations,  which  indicate  that  the  minimum  temperature  for 
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both  germination  and  growth  is  about  5®  C.  (41“  1'.),  are  a valuable  sup- 
plement pathologically  to  the  results  of  potato  storage  experiments  made  in 
the  New  Hampshire  Experiment  Station,  mentioned  in  the  May  A.  S.  R.  E. 
Journal,  under  the  head  of  Investigations  Into  the  Preservation  of  Food 
Products,  the  results  of  which  indicated  that  potatoes  will  keep  for  two 
hundred  days  without  sprouting  or  loss  of  weight  when  stored  in  still  air  at 
from  38  to  40®  F. 

Muller-Thurgau  found  that  in  the  common  potato  the  accumulation  of 
sugar  practically  ceases  at  8®  C.  (46.5°  F.). 

It  would  seem  reasonable  to  conclude,  therefore,  that  lower  temperatures 
than  38  to  40®  F.  are  unnecessary,  not  only  for  the  prevention  of  sprouting 
and  loss  of  weight  by  evaporation,  but  also  for  the  prevention  of  rot,  due 
to  the  development  of  the  potato  scab  organism. 

Note: — It  is  interesting  to  note  that  the  results  obtained  by  the  New 
Hampshire  station  in  its  investigation  of  the  behavior  of  the  common  potato 
under  refrigeration  are  diametrically  opposite  to  those  in  the  Journal  of  Agri- 
cultural Research  for  sweet  potatoes.  All  of  the  experiments  showed  that  the 
disappearance  of  starch  and  the  accumulation  of  sugar  takes  place  more 
rapidly  and  proceeds  to  a greater  extent  at  low  than  at  high  temperatures.  It 
is  not  rapid  between  o and  4®  C.  (32  and  39°  F.).  The  experiments  were  of 
short  duration,  because  the  sweet  potatoes  rotted  after  about  six  weeks  under 
refrigeration.  The  great  difference  in  the  keeping  properties  of  common  and 
sweet  potatoes  is  probably  due  to  the  greater  sugar  content  of  the  latter.  How 
to  carry  this  crop  successfully  under  refrigeration  will  undoubtedly  prove  a 
formidable  problem  for  the  plant  pathologist  to  solve. — Revietver. 


FREEZING  POINT  OF  MILK 

The  Freezing  Point  of  Milk.  J.  B.  Henderson  and  L.  A.  Me.ston.  Chem. 
News,  Kos.  2870,  pp.  259-261;  2871,  p.  275;  2872,  pp.  283,  284. 

It  is  reported  that  results  from  63  samples  of  milks  obtained  during  the 
past  five  years  show  that  in  54  the  added  water  content  indicated  by  the 
freezing  point  was  from  0.2  to  9.9  per  cent  higher  than  that  calculated  on  an 
8.5  per  cent  solids-not-fat  basis,  the  average  being  4 per  cent.  In  five  cases 
the  calculation  of  added  water  by  the  two  methods  was  practically  identical. 
In  three  other  cases  the  estimated  added  water  on  the  8.5  per  cent  solids-not- 
fat  basis  from  1.7  to  3.9  per  cent  lower  than  by  the  freezing  point. 


LIQUID  AIR  AS  AN  EXPLOSIVE 

Verwendung  von  flus.siger  Luft  als  Sfrrngmittel  nacii  einem  neueren 
Verfahren.  M.  Przyborski.  Zeits.  fiir  Eis  und  Kdlte-Industric,  Vol. 
VII,  No.  9,  March,  1915.  2 pp. 

Data  are  given  on  the  use  of  liquid  air  as  an  explosive,  in  particular  on 
the  Kowatsch  .system. 

Profes.sor  Linde  appears  to  have  been  the  first  to  introduce  successfully  an 
explosive  consisting  of  ground  charcoal  and  liquid  air.  Since  then  Claude  and 
d’.Arsonval,  in  France,  have  further  developed  these  processes,  and  finally 
Kowatsch  and  Raldus,  in  Germany,  have  lately  worked  it  out  still  more  fully, 
partly  under  the  pressure  of  the  present  demand  for  an  explosive  of  ex- 
clusively German  manufacture. 

In  order  to  avoid  excessively  rapid  evaporation  of  the  liquid  air,  Kowatsch, 
who  uses  a cardboard  cartridge,  introduces  first  a cartridge  with  dry  carbon 
into  tbe  drill  hole  separately  and  without  any  liquid  air,  which  is  put  in  only 
just  previous  to  ignition.  This  process  permits  reducing  to  a minimum  the 
period  of  evaporation,  and  also  increases  the  factor  of  safety  of  operation. 

The  cardboard  cartridge  contains  a perforated  pipe,  in  which  there  is  a 
mixture  of  infusorial  earth  with  oil  and  asphaltum  or  lampblack  and  paraffin, 
neither  of  which  is  explosive  in  itself.  'I'his  center  pipe  contains  another  card- 
board tube  over  which  a third  cardboard  tube  is  .set,  serving  as  an  exhaust 
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pipe  for  the  products  of  evaporation  of  liquid  air.  If  several  drill  holes  have 
to  he  exploded  simultaneously,  the  electric  connections  are  made  accordingly. 

The  liquid  air  which  has  to  he  u.sed  for  each  hole  is  kept  iu  a precisely 
determined  quantity  in  a small  bottle,  the  opening  of  which  is  i)rovided  with  a 
metal  tul>e  and  conical  nozzle,  connected  with  the  central  tube  of  the  cartridge. 
To  load  the  cartridge  all  that  is  necessary  is  to  lift  the  rear  end  of  the  bottle. 
The  liquid  air  is  raised  by  the  pressure  of  its  own  products  of  evaporation 
and  gradually  passes  into  the  cartridge.  .\t  the  instant  when  the  cliarge  is 
ignited  by  the  electric  spark,  the  liquid  air  combines  with  the  charge  and 
there  follows  an  explosion  of  exceptional  violence. 

Among  the  advantages  of  this  method  of  explosion  is  the  fact  that,  in. 
the  first  instance,  the  materials  used  are  not  explosive  in  themselves,  and  the 
explosive  mixture  is  folmed  only  at  the  very  last  moment  in  the  bore  hole 
it.self.  In  the  second  place,  should  an  explosion  be  missed,  the  liquid  air  will 
evaporate,  and  the  resmaining  cartridge  is  perfectly  harmless. 


A.  S.  M.  E.  BOILER  CODE 

.\t  a recent  meeting  of  the  Boiler  Code  Committee  of  the  .American 
Society  of  Mechanical  Engineers,  held  in  Buffalo,  June  22  to  25,  the  fol- 
lowing resolution  was  offered  to  the  Council : 

It  is  the  opinion  of  the  committee  that  the  official  symbol  or 
stamp  is  to  be  used  to  indicate  that  the  .American  .Society  of 
Mechanical  Engineers’  rules  have  been  complied  with  in  the  con- 
struction of  the  boiler.  The  stamp  shall  be  affixed  by  the  manu- 
facturer. Certification  may  be  governed  by  law  or  contract. 

The  resolution  was  adopted  by  the  Council,  and  the  stamp  appearing 
l)elow,  to  be  used  as  prescribed  in  the  code,  will  be  open  to  general  use. 


The  work  of  the  Code  Committee  in  formulating  the  code,  which  was 
reviewed  in  the  March  number  of  'I'he  Joukn.m..  is  a long  step  in  advance. 
'I'he  code  itself  is  sufficient  evidence  that  the  right  men  were  entrusted  with 
the  duty,  and  the  promptness  with  which  it  is  being  adopted  shows  con- 
clusively that  need  for  such  a code  was  imperative.  After  recommendation 
by  the  executive  committee  of  the  Master  Boiler  Makers’  .As.sociation,  the  use 
of  the  Boiler  Code  as  a set  of  rules  for  stationary  boiler  construction  was 
fully  endorsed  by  the  association  at  its  ninth  annual  convention  at  Chicago. 
The  code  has  also  been  adopted  by  the  Industrial  Board  of  the  State  of 
Pennsylvania,  as  well  as  by  the  Board  of  Boiler  Rules  of  the  City  of  Detroit. 
It  is  said  to  be  more  than  likely  that  it  will  be  the  standard  of  boiler  con- 
struction in  a large  proj)ortion  of  the  States  before  the  end  of  the  year. 

A very  important  question,  that  of  interpretation  of  the  Boiler  Code 
rules,  has  arisen.  It  has  already  been  met.  however,  by  the  Council  in  adopt- 
ing the  following  resolution  offered  by  the  Code  Committee: 
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Your  committee  requests  that  it  be  empowered  to  make 
rulings  where  inquiries  are  made  regarding  construction  not 
covered  by  the  code  and  to  interpret  any  parts  of  the  code. 

In  order  that  no  obstacle  be  placed  in  the  way  of  the  application  of  the 
code  by  the  industry,  arrangements  were  made  for  quarterly  meetings  of 
the  committee. 

The  work  of  the  committee  was  further  extended  by  the  adoption  by  the 
Council  of  a third  resolution,  which  is  as  follows: 

Your  committee  requests  that  it  be  empowered  to  take  up  the 
subject  of  (i)  economizers;  (.2)  pressure  vessels;  (3)  rules  for 
operation  and  care  of  steam  boilers  and  pressure  vessels,  and  (4) 
recommendations. 


EXTR.VCTION  OF  HUMIDITY  FROM  BUILDINGS  BY 

REFRIGERATION 

Extr.vctiox  of  Hu.miditv  from  Xkvvly-Constructkd  Buildings  by  Mk.ans 
OF  Rkfrigkr.mion.  M.  a.  Kappen.  Bulletin  of  July  to  Deccmlier,  1914, 
of  the  Societe  des  ingenieurs  Civils  de  I'rance. 

In  this  article,  which  is  of  more  than  usual  interest  on  account  of  the 
insight  it  gives  into  details  of  masonry  construction  employed  in  damp 
climates,  the  w'riter  refers  to  previous  articles  describing  means  of  preventing 
the  w^ater  from  rising  in  excess  quantities  by  capillarity  in  stone  walls,  means 
of  ventilating  these  walls  so  that  they  are  freed  from  w’ater  absorbed  during 
rainstorms,  and  finally  describes  methods  by  w'hich  newdy-constructed  masonry 
buildings  may  be  rendered  habitable  within  a minimum  space  of  time  by  the 
use  of  refrigeration. 

'I'he  various  sources  of  moisture  in  new  dw'ellings  arise  from  four  dif- 
ferent causes  manifesting  thenuselves  in  the  following  chronological  order: 
First,  original  humidity  in  building  materials,  .such  as  mortar,  plaster,  etc. ; 
second,  moisture  picked  up  by  capillarity  from  the  soil;  third,  atmospheric 
humidity  condensed  on  the  cold  materials;  fourth,  water  of  infiltration,  rain, 
etc.,  during  construction. 

Past  methods  for  allowing  buildings  to  be  occuiiicd  promptly  after  com- 
pletion have  involved  the  use  of  heat  generated  with  or  without  the  pro- 
duction of  carbonic  acid  in  forced  air  circulation  systems.  Methods  formerly 
employed  for  the  protection  of  old  buildings  against  the  ravages  of  moisture 
entering  by  capillarity  and  condensation  are  far  too  slow'  to  meet  iiresent-day 
requirements  for  quickly  removing  the  original  humidity  of  construction  so 
that  the  buildings  may  be  occupied  at  the  earliest  possible  moment  after 
completion  of  plastering.  Furthermore,  the  attempt  to  drive  off  all  humidity 
from  fresh  mason  materials  involves  a physical  error.  Capillarity  is  stronger 
on  the  colder  side  of  the  w'all.  In  w'arming  the  air  of  an  enclosure  by  the 
various  heating  systems  the  w'alls  are  warmed  by  convection,  and  the  humidity 
not  evaporated  by  the  hot  air,  w'hich  soon  becomes  too  fully  .saturated  to 
absorb  it.  is  driven  back,  or  rather  is  drawn  back,  by  capillarity  into  the  in- 
terior of  the  W'all.  Where  carbonic  acid  is  liberated  by  heaters  the  currents 
of  air  and  carbonic  acid  brought  in  contact  with  the  surface  of  the  plaster 
renders  it  almost  completely  impermeable,  preventing  the  escape  of  'the 
humidity  when  it  again  returns,  due  to  the  equalization  of  temperatures. 
These  methods  of  drying  by  means  of  heat  produce  then  an  apparent  dryness. 
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but  leave  sufficient  moisture  in  the  walls  treated,  so  that  when  it  returns  to 
the  surface  the  plaster  may  be  detached,  the  paint  destroyed,  and  the  walls 
rendered  moist  and  unsanitary. 

What  heat  is  incapable  of  accomplishing  in  the  way  of  removing  all  of 
the  humidity,  so  that  new  buildings  can  be  made  habitable  immediately  after 
completion,  may  be  readily  effected  by  the  use  of  refrigeration.  Only  by  the 
judicious  use  of  low  temperatures  is  it  possible  to  dry  out  new  buildings  to 
the  point  of  habitability  in  a few  hours.  The  most  favorable  temperature  for 
this  work  is  4°  C.  (39°  F.).  At  certain  seasons  of  the  year,  when  the  tem- 
perature is  about  4“  C.,  certain  curious  moditications  in  the  materials  of  walls 
frequently  take  place.  Following  rains  or  periods  of  unusual  humidity  certain 
constituents  of  the  mortar  are  dissolved  by  moisure  entering  the  wall  by 
capillarity.  When  the  humidity  decreases  these  constituents  are  carried  to 
the  exterior  surface,  where  they  are  deposited  on  the  evaporation  of  the 
moisture,  forming  a white  discoloration.  This  effect  is  most  likely  to  happen 
when  the  mortar  is  rich.  The  deposit,  con.sisting  of  sulfate  of  lime  and  other 
salts,  is  washed  off. 

Assuming  a hygrornetric  condition  of  80®  in  the  air  of  the  room  in  which 
the  walls  are  freshly  plastered  with  mortar,  only  3^  to  4°  depression  of  the 
temperature  is  necessary  in  order  to  arrive  at  the  dew  point  and  to  precipitate 
the  atmospheric  humidity  of  the  air  cooled.  In  other  words,  at  80®  saturation 
and  714°  C.  (45.5°  F.)  it  is  only  necessary  that  the  humid  air  be  reduced  in 
temperature  to  4®  C.  to  cause  precipitation.  In  order  to  get  more  effective 
results  the  temperature  might  be  reduced  to  o®  C,  but  this  might  damage  the 
more  delicate  plasters  in  which  slight  freezing  might  take  place.  The  final 
coat  of  plaster,  which  is  less  porous,  can  be  applied  after  the  water  has 
been  extracted  from  the  more  porous  under-coats.  Drying  the  preceding 
coats  of  plaster  would  hasten  the  completion  of  the  total  drying,  but  might 
possibly  result  in  a less  perfect  adherence  of  the  next  coat. 

It  is  claimed  for  the  refrigeration  method  that  it  will  withdraw  the 
moisture  from  walls  without  closing  the  pores  or  cracking  or  crazing  the 
surface.  By  this  method  the  wall  escapes  the  harmful  effects  due  to  the 
shrinking  of  motor  under  the  application  of  heat. 

In  practice  aluminum  vessels  containing  the  cooling  medium  are  sus- 
pended on  frames  in  such  a manner  that  they  can  be  raised  or  lowered  and 
secured  at  any  required  height  between  the  floor  and  the  ceiling,  where  they 
are  left  in  position  for  a sufficient  length  of  time  for  the  extraction  of  the 
moisture. 

In  conclusion,  the  writer  eulogizes  refrigeration;  “Cold,  that  potent 
factor  of  modern  welfare,  now  produced  everywhere  almost  as  easily  as  heat, 
has  found  a most  important  application,  which,  in  time,  will  become  a powerful 
co-laborator  of  hygienists  in  making  new  buildings  sanitary.  A little  cold 
passed  over  the  surfaces  of  the  walls  now  permits  new  houses  to  be  occupied 
not  only  immediately  but  safely.” 
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ADVANCE  PROGRAM 
OF 

FOURTH  WESTERN  MEETING 

The  I'ourth  Western  Meeting  of  The  American  Society  of  Refrigerating 
Engineers  will  he  held  in  San  h'rancisco.  Cal.,  on  September  23  and  24.  1915. 
In  this,  and  the  last  two  issues  of  the  A.  S,  R.  E.  Journaf.,  is  the  itinerary  of 
a special  train  movement  on  account  of  our  meeting  in  San  Francisco,  The 
special  train  will  leave  Chicago.  111.,  on  Wednesday,  September  15,  at  6:10 
o’clock  P.  M..  and  will  arrive  in  San  I'rancisco  on  Tuesday  evening,  September 
21,  at  6:30  P. 

The  headquarters' of  the  Society  will  be  at  tlie  Inside  Inn,  located  within 
the  grounds  of  the  Panama-Pacific  International  Exposition.  The  rates  for 
rooms,  European  plan,  include  unlimited  admission  to  the  Exposition  grounds 
during  stay  at  the  liotel.  All  rooms  are  outside  rooms,  with  sunlight  during 
.some  portion  of  the  day.  and  the  hotel  accommodations  are  first-class  in  every 
respect.  The  rates  are  as  follows  : 

Rooms  without  bath,  one  i)erson  in  room,  $2.co  per  day;  two  or  three  per- 
sons in  one  room,  $1.50  per  person  per  day. 

Rooms  with  bath,  one  person  in  room,  $3,00  to  $4.00  per  day,  according  to 
location ; two  persons  in  one  room,  $2.00  to  $2.50  per  person  per  day,  according 
to  location. 

The  sessions  of  our  meeting,  as  well  as  the  International  Engineering 
Congress,  will  be  held  in  the  Expo.sition  Memorial  .-\uditorium  at  the  Civic 
Center  in  San  Francisco. 

The  entertainment  programme  and  list  of  papers  to  he  read  and  topics 
discussed,  subject  to  change,  are  as  follows: 

Tuesday,  September  21  : 

.Arrive  in  San  I'rancisco  at  5:30  P.  M.  Dinner  at  8 P.  M.  at  Portola- 
Louvre  Cafe,  $2.50  per  plate. 

Wednesday,  September  22 : 

Morning — Sightseeing  trip  around  San  Francisco,  viewing  Golden  Gate 
Park,  Cliff  House  and  Presidio,  and  returning  by  the  Exposition 
grounds.  Price,  $1.00  per  persoti.  Time,  2'/j  hours.  Luncheon  at 
the  Portolar Louvre  Cafe,  50  cents  per  person. 
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Afternoon — Sightseeing  trip  from  San  Francisco  via  Creek  route  ferry 
to  Oakland,  Berkeley,  Claremont,  Piedmont  and  Lake  Merritt  to 
Canyon  Inn,  Hayward,  and  returning  via  Foothill  Boulevard.  Price, 
including  dinner  at  Canyon  Inn,  $3.50  per  person. 

Thursday,  September  23 : 

Morning — Meeting  of  A.  S.  R.  E. 

Roll  call. 

Reading  of  minutes  of  Tenth  Annual  Meeting. 

Report  of  Tellers  of  Election  of  Members. 

Paper  on  “Oil  Engine  Driven  Raw  Water  Ice  Manufacturing 
Plant.”  President  Louis  K.  Doelling,  New  York,  N.  Y. 
Discussion  of  topic,  “Raw  Water  Ice  Making  Systems.” 

Afternoon — Attend  session  of  International  Engineering  Congress, 
w'hen  papers  on  refrigeration  will  be  presented. 

Friday,  September  24: 

Morning — Meeting  of  A.  S.  R.  E. 

Paper  on  “Fruit  Prccooling  and  Precooling  Plants.” 

Paper  on  “The  Rate  of  Heat  Transfer  in  Double  Pipe  Brine 
Coolers.”  Van  R.  H.  Greene,  New  York,  N.  Y. 

Discussion  of  topic,  “Power  Required  to  Agitate  Brine  in  Can  Ice 
Tanks.” 

Afternoon — A.  S.  R.  E.  Day  at  Exposition.  Dinner  at  7 P.  M.  at 
Inside  Inn,  $2.00  per  person. 

Saturday,  September  25: 

Afternoon — Steamboat  excursion  around  the  Bay  of  San  Francisco, 
steamer  leaving  San  F'rancisco  at  2 P.  M.,  and  returning  at  6 P.  M. 
All  principal  points  of  interest  will  be  visited,  including  a trip 
through  the  Golden  Gate.  Price,  $r  per  person,  providing  a party 
of  100  can  be  made  up. 

Evening — Banquet  at  the  Hof  Brau  Cafe,  $5.00  per  cover,  including 
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SECOND  PAN-AMERICAN  SCIENTIFIC  CONGRESS 

The  Second  Pan-American  Scientific  Congress  will  meet  in  Washington, 
D.  C.,  from  December  27,  1915,  to  January  8,  1916,  inclusive,  under  the  auspices 
of  the  Government  of  the  United  States.  The  First  Congress  was  held  in 
Santiago,  Chile,  in  December,  1908. 

The  organization  and  procedure  of  the  Second  Congress  will  be  in  charge 
of  an  executive  committee  of  the  following,  with  power  to  enlarge  itself ; 

William  Phillips,  Third  Assistant  Secretary  of  State,  Chairman  ex  ofHcio. 
James  Brown  Scott,  Secretary,  Caniegie  Endowment  for  International  Peace, 
Vice-Chairman. 

William  H.  Welch,  President,  National  Academy  of  Sciences,  Honorary  Vice- 
Chairman. 

John  Barrett,  Director-General,  Pan-American  Union. 

W.  II.  Bixby,  Brigadier  General,  U.  S.  A.,  retired. 

Philander  P.  Claxton,  Commissioner  of  Education. 

William  C.  Gorgas,  Surgeon  General,  U.  S.  A. 

William  H.  Holmes,  Head  Curator,  Smithsonian  Institution. 

Henncn  Jenning.s,  former  President,  London  Institution  of  Mining  and  Metal- 

George  M.  Rommel,  Chief,  Animal  Husbandry  Division,  Bureau  of  Animal 
Industry,  Department  of  Agriculture. 

L.  S.  Rowe,  President,  American  Academy  of  Political  and  Social  Science. 
Robert  S.  Woodward,  President.  Carnegie  Institution  of  Washington. 

The  organization  officers  are  John  Barrett,  Secretary-General,  and  Glen 
Levin  Swiggett,  Assistant  Secretary. 

The  following  are  the  sections  into  which  the  Congress  will  be  divided, 
along  with  the  name  of  the  chairman  of  each  section : 

I.  Anthropology — Dr.  Holmc.s. 

II.  Astronomy,  Meteorology  and  Seismology — Dr.  Woodward. 

HI.  Conservation  of  Natural  Resources — ^Agriculture,  Irrigation  and 
Forestry — Mr.  Rommel. 

IV.  Education — Dr.  Claxton. 

V.  Engineering — General  Bixby. 

VI.  International  Law.  Public  Law  and  Jurisprudence — Dr.  Scott. 

VII.  Mining  and  Metallurgy,  Economic  Geology  and  Applied  Chemistry — 
Mr.  Jennings. 

VIII.  Public  Health  and  Medical  Science — General  Gorgas. 

IX.  Transportation,  Commerce,  Finance  and  Taxation — Dr.  Rowe. 

The  sessions  of  the  Congress  will  be  held  in  the  Pan-American  Union 
Building. 

On  invitation  of  the  Secretary  of  State  of  the  United  States,  as  well  as 
of  John  Barrett,  Secretary-General  of  the  Congress,  that  The  .American 
Society  of  Refrigerating  Engineers  send  a delegate  to  this  Congress,  President 
Louis  K.  Doelling  has  appointed  N.  H.  Hiller,  Carbondale,  Pa.,  to  represent 
the  Society. 


NON-MEMBERS  MAY  SUBSCRIBE  TO  A.  S.  R.  E.  JOURNAL 

At  the  last  annual  meeting  of  the  Society  a motion  prevailed  authorizing 
the  acceptance  of  subscriptions  to  the  .A.  S.  R.  E.  Journal  from  non-members, 
the  subscription  price  being  left  to  the  Council  to  decide.  The  Council  has  set 
the  annual  subscription  price  at  the  small  amount  of  $3.00,  in  order  that  the 
work  of  the  Society  may  be  of  benefit  and  available  to  the  industry  generally. 
Of  course,  the  price  of  a yearly  subscription  to  the  A.  S.  R.  E.  Journal  is 
included  in  the  dues  of  each  member. 

The  JouRN.\L  will  be  an  important  means  of  increasing  our  membership, 
for  as  soon  as  non-member  subscribers  become  acquainted  with  and  follow  the 
work  of  the  Society  they  will  desire  to  further  co-operate  and  then  become 
members. 
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USE  THE  TITLE  OF  YOUR  GRADE  OF  MEMBERSHIP 

President  Louis  K.  Doelling  issued  the  following  letter  to  the  menihership 
on  June  28.  and  respectfully  requests  the  co-operation  of  the  menihership  along 
the  line  suggested ; 

“Permit  me  to  suggest  that  wherever  possible,  on  letterheads  and  in  ad- 
vertising matter,  etc.,  members  of  the  Society  mention  the  fact  that  they  are 
members  of  'I'he  American  Society  of  Refrigerating  Engineers.  'I  bis  will  be 
of  advantage  to  both  you  and  the  Society. 

“The  abbreviations  of  the  titles  of  the  various  grades  of  membership,  as 
given  in  paragraph  B 30  of  the  By-Laws,  are  as  follows: 

“For  Member.s — Alem.  Am.  Soc.  R.  E. 

“For  Associates — Assoc.  .Am.  Soc.  R.  E. 

“For  Juniors — Jun.  .Am.  Soc.  R.  E."’ 


TRADE  CATALOGS 

(Jtclow  is  given  a list  of  tr.ide  catalogues  received  at  tlie  .Society’s  office  since  the  last 
issue  of  the  .\.  S.  R.  E.  Journ.vl.) 

Gifford-Wood  Company,  Hudson.  N’.  V, — Bulletin  Xo.  17.  Pivoted  bucket 
carrier  for  elevating  and  conveying  coal,  ashes,  coke,  stone,  gravel,  sand 
and  other  materials. 

.Armstronc  Cork  Company  and  .Armstronc.  Cork  & Insolation  Company. 
Pittsburgh,  Pa. — Cork  at  San  Francisco — The  story  of  a unique  c.xhibit 
of  cork  products  and  by-products  at  the  Panama- Pacific  International 
Exposition. 

Philadelphia  Pipe  Bendino  Company,  Philadelphia,  Pa.— Philadelphia 
ammonia  condenser — atmospheric  and  double-pipe  types. 


THE  1915  YEAR  BOOK 

The  Year  Book  for  1915  was  mailed  to  the  membership  of  the  Society  on 
June  12,  and  it  is  hoped  each  member  received  his  copy.  The  Year  Book 
is  larger  than  previous  edition.s,  being  3>4"  x 8",  and  contains  56  folios  and 
cover.  .A  geographical  list  of  members  has  been  added,  in  additional  to  the 
usual  alphabetical  list  of  members.  Other  matter  contained  in  the  hook  in- 
cludes list  of  officers  for  1915,  list  of  past  and  present  officers,  committees, 
names  of  deceased  members,  depositories  for  the  .A.  S.  R.  E.  Journ.u., 
calendar  of  past  meetings  and  the  constitution  and  by-laws. 


PERSONAL 

Charles  L.  Case  is  general  manager  of  The  Norcross  Brothers  Com- 
pany, general  contractors.  Worcester,  Mass. 

George  Rern.\  is  in  Barrauquilla,  Colombia,  S.  .A.,  installing  an  ice 
manufacturing  plant. 

F.  M.  .Aday,  former  manager  of  the  Boston  office  of  the  De  La  Vergne 
Machine  Compan}'.  has  been  appointed  manager  of  the  Philadelphia  office  of 
the  De  La  Vergne  Company. 

J.  1.  Lyle  is  Treasurer  and  General  Manager  of  the  Carrier  Engineering 
Corporation,  39  Cortlandt  Street,  .Xew  A'ork,  X.  Y.,  which  corporation  took 
over  the  business  of  the  Carrier  .Air  Conditioning  Company. 


INVITATIONS  TO  VISIT  EXHIBITS  AT  SAN  FRANCISCO 

The  following  firms  invite  members  of  the  Society  to  visit  their  exhibits 
at  the  Panama-Pacific  International  Exposition: 

.Armstrong  Cork  Company,  Pittsburgh,  Pa. 

Foxboro  Company,  Foxboro,  Mass. 

Xational  Tube  Company,  Pittsburgh.  Pa. 

York  Manufacturing  Company,  York,  Pa. 
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SPECIAL  TRAIN  TO  SAN  FRANCISCO  MEETING 

In  order  to  insure  a comfortable  and  pleasant  journey  for  those  of  our 
members  and  friends  who  will  attend  the  Fourth  Western  Meeting  of  The 
American  Society  of  Refrigerating  Kngineers  at  San  Francisco,  Cal.,  Septem- 
ber 23  and  24,  as  well  as  the  International  Engineering  Congress,  San  Fran- 
cisco. Cal.,  September  20  to  25,  1915,  and  the  Panama-Pacific  International 
Exposition,  and  inasmuch  as  a large  number  of  those  who  will  attend  will 
either  start  from  or  pass  through  Chicago,  111.,  or  Kansas  City,  Mo.,  arrange- 
ments have  been  made  with  the  Chicago.  P»urlington  & Quincy  Railroad 
Company  to  operate  a special  train  de  luxe  from  Chicago  to  San  Francisco 
for  these  occasions. 

The  Burlington  Route,  Denver  & Rio  Grande  and  Western  Pacific  rail- 
roads have  been  selected  as  the  route  for  this  special  train.  This  congenial 
way  of  traveling  together  will  afford  a delightful  occasion  to  devcloi)  closer 
friendships  and  with  environments  rivaling  club  life.  It  is  earnestly  hoped 
that  many  members,  with  their  families  ami  friends,  will  avail  themselves  of 
this  opportunity  to  attend  our  Fourth  Western  Meeting,  the  International 
Engineering  Congress  and  the  Panama- Pacific  International  Exposition,  and 
to  visit  the  West  when  its  attractions  are  greatest  and  under  most  favorable 
conditions. 


KQUIP.M  ENT 


The  special  train  will  be  per.sonally  conducted  over  the  entire  journey 
from  Chicago  to  San  Francisco  by  a representative  of  the  passenger  depart- 
ment of  the  Burlington  Route.  It  will  be  one  of  the  handsomest  trains  ever 
assembled;  the  eciuipment  will  include  a baggage. car,  in  which  is  located  a 
dynamo  from  which  the  train  will  be  brilliantly  electric-lighted,  standard  steel 
drawing-room  sleeping  cars,  dining  car  and  a compartment  observation  and 
library  car.  Every  effort  will  be  made  to  make  this  a most  comfortable  and 
memorable  trip. 


SCIIEDULE 


Lcave — Chicago,  Union  Sta. 
(Canal  and  Adams  Sts.)..  6:io 


Arrive — Kansas  City 8:00 

Leave — Kansas  City 9:50 

Arrive — Denver 7 150 


Leave — Denver  1:00 


Arrive — Colorado  Springs..  3:30 
Leave — Colorado  Springs...  4:30 


P.  M.,  Sept.  15 — Burlington  Route 
A.  M.,  Sept.  16 — Burlington  Route 
A.  M.,  Sept.  16 — Burlington  Route 
A.  M.,  Sept.  17 — Burlington  Route 
A.  M.,  Sept.  18 — Denver  & Rio  Grande  R.  R. 
A.  M.,  Sept.  18 — Denver  & Rio  Grande  R.  R. 
A.  M.,  Sept.  19 — Denver  & Rio  Grande  R.  R. 


Passing  Through  Royal  Gorge  at  7:45  A.  M. 

Arrive — Salt  Lake  City....  7:00  M.,  Sept.  20 — Denver  & Rio  Grande  R.  R. 

Leave — Salt  Lake  City 11:45  A.  M.,  Sept.  20 — Western  Pacific  Railway 

.Arrive — San  Francisco 6:30  P.  M..  Sept.  2i — Western  Pacific  Railway 


The  departure  from  New  York  will  be  in  special  cars  over  the  Pennsyl- 
vania Railroad,  and  the  schedule  will  be  as  follows: 

Leave — New  York,  Pennsylvania  Station,  2:04  P.  M.,  Sept.  14 — Pennsylvania 
Railroad. 

Leave — Philadelphia,  Broad  Street  Station,  4:31  P.  M.,  Sept.  14 — Pennsylvania 
Railroad. 

Leave— Harri.sburg,  Pennsylvania  Station,  6:40  P.  M.,  Sept.  14— Pennsylvania 
Railroad. 


64 


SPECIAL  TRAIN  TO  SAN  FRANCISCO  MEETING 


Leave — Pittsburgh,  Pennsylvania  Station,  1:15  A.  M.,  Sept.  15 — Pennsylvania 
Lines. 

Arrive — Chicago,  Union  Station  (Canal  and  Adams  Streets),  5:00  P.  M., 
Sept.  15 — Pennsylvania  Lines. 

Members  and  their  friends  from  the  East  who  will  not  be  able  to  avail 
themselves  of  the  special  service  via  the  Pennsylvania  Railroad,  and  also 
those  from  the  South,  will  meet  in  the  Union  Station,  Canal  and  Adams 
Street,  Chicago,  111.,  before  the  departure  of  our  special  train  at  6;  10  P.  M. 
on  September  15.  Members  and  friends  from  points  west  of  Chicago  and 
Kansas  C'ity  may  board  the  special  train  en  route. 


RAILROAD  FARES 


There  will  be  on  sale  at  all  ticket  offices  of  all  railroads  round-trip 
tickets  for  this  special  train,  with  final  return  limit  of  three  months  from 
date  of  sale,  but  not  to  exceed  December  31,  1915.  Tickets  will  permit  stop- 
overs at  and  all  points  west  of  Chicago  and  St.  Louis  \vithin  the  time  limit  of 
the  ticket,  but  must  read  via  routes  shown  in  schedule,  namely,  Burlington 
Route  from  Chicago  or  Kansas  City  to  Denver,  Denver  & Rio  Grande  Rail- 
road from  Denver  to  Salt  Lake  City,  and  the  Western  Pacific  Raihvay  from 
Salt  Lake  City  to  San  Francisco,  as  well  as  return  route  selected.  Below 
are  given  the  round-trip  railroad  fares  from  important  points,  but  not  in- 
cluding Pullman  sleeping-car  fares : 


New  York $ 98.80 

Boston  (via  New  York) 109.30 

Boston  (via  Albany  and  Buf- 
falo)   104.20 

Philadelphia  95.20 

Harrisburg 9i-05 

York,  Pa 92.15 

Baltimore 92.95 


Pittsburgh  $ 81.25 

Columbus  74- 18 

Cincinnati  /O.25 

Chicago  62.50 

Milw'aukee  65.90 

St.  Louis  57-50 

Kansas  City  50.00 

St.  Paul  63.85 


These  rates  apply  returning  via  direct  lines,  which  will  include  Los 
Angeles,  San  Diego,  Grand  Canyon,  etc.  To  return  via  Portland,  Seattle  or 
Vancouver,  the  payment  of  $17.50  in  addition  to  the  above  rates  will  be 
charged,  and  those  returning  via  the  North  Pacific  Coast  may  have  thei^ 
tickets  routed  via  the  Great  Northern  Pacific  Steamship  Company  between 
San  Francisco  and  Portland,  with  no  extra  charge  for  meals  and  berth 
while  at  sea.  The  time  of  travel  of  the  palatial  boats  of  the  Great  Northern 
Pacific  Steamship  Company  between  San  Francisco  and  Portland  about 
equals  the  fastest  trains  bctw^een  these  points,  and  this  gives  a delightful 
ocean  voyage  in  connection  wdtii  the  trip. 

Tickets  are  proportionately  low'  from  all  points.  The  return  trip  from 
San  Francisco  is  optional,  but  the  entire  routing  must  be  decided  upon  at  the 
time  you  purchase  your  ticket.  A number  of  optional  routes  are  given  here- 
with. .All  tickets  must  be  validated  before  leaving  San  Francisco,  for  which 
a charge  of  fifty  cents  is  made. 


PULLMAN  fares 

The  following  Pullman  sleeping-car  fares  will  apply  for  the  going  trip 
on  this  special  train,  including  all  stop-overs  scheduled  from  Chicago  to  San 
Francisco : 
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From  Chicago 


Lower  berth  $ 16.00 

Upper  lierth 12.80 

Compartment  45.00 

Drawing  room  5600 


Fro.m  Kansas  City 


Lower  berth  $ 14.00 

Upper  berth  11.20 

Compartment  39-50 

Drawing  room  49.00 


In  order  that  the  necessary  sleeping  -car  eriuipment  may  be  reserved,  it  is 
earnestly  requested  that  you  make  your  reservations  NOW.  The  amount 
of  your  Pullman  fare  from  cither  Chicago,  Kansas  City  or  Denver  to  San 
Francisco  should  accompany  your  reservation,  and  be  forwarded  to  W.  H. 
Ros.s,  Secretary,  The  American  Society  of  Refrigerating  Engineers,  154 
Nassau  Street,  New  York,  N.  Y.  Jn  the  event  you  are  not  able  to  make  the 
trip  the  money  will  be  refunded. 

All  meals  on  dining  cars,  at  hotels,  etc.,  will  be  served  a la  carte  at 
reasonable  prices,  and  side  trips  and  excursions  at  reduced  rates. 


bacriage 

One  hundred  and  fifty  pounds  of  baggage  will  be  carried  free,  and  by 
special  arrangement  members  of  the  parly  may  have  access  to  the  baggage 
car  at  any  time,  day  or  night.  Suit  cases  and  hand  baggage  may  be  taken  in 
the  sleeping  cars. 

TELEGRAMS 

Telegrams  for  parties  on  board  this  special  should  be  sent  in  care 
of  The  American  Society  of  Refrigerating  Engineers’  Special  Train. 

WHAT  TO  DO  IF  YOU  ARE  GOING  OX  THIS  SPECIAL  TRAIN 

1.  — Notify  W.  H.  Ross,  Sccretar}-,  The  American  Society  of  Refrigerating 

Engineers,  154  Nassau  Street,  New  York. 

2.  — Send  to  W.  U.  Ross,  Secretary,  The  American  Society  of  Refrigerating 

Engineers,  154  Nas.sau  Street,  New  York,  N.  Y.,  the  amount  of 
Pullman  sleeping-car  fare  from  Chicago  or  Kansas  City  or  Denver, 
the  point  of  boarding  special  train,  to  San  Francisco. 

3.  — Purchasing  your  railroad  ticket  from  your  local  agent,  which  must  read 

from  your  home  city  to  Chicago  or  Kansas  City  or  Denver,  the  point 
of  boarding  special  train,  to  San  F'rancisco,  via  the  route  and  schedule 
of  the  special  train.  If  you  will  return  before  December  31,  1915, 
your  railroad  ticket  also  must  cover  entire  return  routing. 

4.  — Do  these  now. 

Itinerary 

Wednesday,  September  15. — Leave  Chicago,  111.,  I’nion  .Station,  corner 
Canal  and  Adams  Streets,  6:10  P.M.,  via  Burlington  Route.  Dinner  in 
dining  car. 

Thursday,  Seitember  16. — .Arrive  at  Kansas  City  at  8:00  A.  M.  Break- 
fast will  be  served  in  the  beautiful  new  Union  Station,  which  has  recently 
been  completed  at  a cost  of  over  six  million  dollars.  The  architecture  of  this 
building  is  .said  to  be  the  finest  specimen  of  its  kind  in  the  world.  Leave 
Kansas  City  at  9:50  A.  M.  The  day  will  be  spent  traversing  the  tremendously 
rich  Missouri  Valley  and  the  rich  farming  section  of  Nebraska,  the  agri- 
cultural enterprises  of  which  arc  among  the  most  prosperous  in  the  entire 
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world.  The  picturesciiic  Mi.ssouri  River  is  crossed  at  Napier  about  i o’clock 
in  the  afternoon.  During  the  night  the  train  will  climb  the  eastern  foot-hill 
slope  of  the  Rockies,  which  will  be  so  gradual  and  imperceptibly  accomplished 
that  Denver,  the  mile-high  metropolis  of  the  Rockies  and  the  gateway  to  the 
“Wonderland  above  the  clouds,”  will  be  reached  at  7:50  the  following  morn- 
ing. Luncheon  and  dinner  will  be  served  in  the  dining  car. 

Friday,  Sedtkmher  17. — .\rrive  at  Denver  at  7:50  .A.  M.  Breakfast, 
luncheon  and  dinner  will  be  .served  at  the  Albany  Hotel,  a few  blocks  from 
the  depot,  and  which  will  be  hotel  headquarters  during  stoi)  in  Denver. 
Several  large  rooms,  with  bath,  will  be  provided  for  our  members  without 
charge.  During  the  morning  the  I’nited  States  Mint,  State  Capitol,  with  its 
million-clollar  museum,  containing  the  finest  geological  collection  in  the  West, 
and  also  many  relics  oi  tiie  early  frontier  days,  and  many  other  points  of 
intere.st  in  this  “Queen  City  of  tlie  Plains,”  can  be  visited. 

In  the  afternoon  there  will  be  a 52-mile  \allcy,  mountain  and  canyon 
trip  to  the  summit  of  Lookout  Mountain.  'I'hc  party  will  leave  Denver  in 
special  parlor  observation  trolley  cars,  and  the  route  passes  througli  beautiful 
North  Denver,  “The  Highlands,”  skirting  bditch’s  and  Lakeside  Parks  to 
Clear  Creek  V’allej*,  and  following  this  veritable  I'.den  to  (iolden.  Just  liefore 
entering  Golden  the  route  leads  through  the  Clear  Creek  Placer  I-'iclds,  where 
gold  was  discovered  in  1859.  At  Golden  a transfer  will  be  made  to  high- 
powered  automobiles  for  the  one-hour  climb  up  the  mountain  side  over  the 
new  magnificent  mountain  highway  to  Lookout  Mountain  Park.  A stop  will 
be  made  at  Wildcat  Point — the  summit  of  the  mountain. 

In  the  evening  a theater  party  is  planned  for  those  who  desire  to  attend, 
'file  train  will  leave  Denver  over  the  Denver  & Rio  Grande  Railroad  at  i :co 
A.  M.,  but  sleeping  cars  will  be  ready  for  occupancy  at  the  Union  Station  at 
10:30  P.M. 

Saturday,  Sedtemder  18. — Arrive  at  Colorado  Springs,  Col.,  “City  of 
Sunshine,”  at  3:30  A.  M.,  where  the  train  will  be  conveniently  parked. 
Breakfast  will  be  served  at  the  famous  .Antlers  Hotel  at  6 o’clock,  after 
which  the  party  will  take  a carriage  drive  through  the  far-famed  Garden  of 
the  Gods,  passing  through  the  wonderful  wind-wrought  obelisks,  Balanced 
Rock,  Mushroom  Park,  'I'hc  Mesa,  Glen  Eye,  etc.,  until  Manitou,  Col.,  that 
Swiss-like  village,  clo.sely  nestled  at  the  l>asc  of  Pike’s  Peak,  famous  for  the 
curative  properties  of  its  nine  .soda,  iron  and  sulphur  siirings,  its  sublime 
scenery  and  the  crispness  of  its  embracing  air,  is  reached.  Luncheon  will 
be  served  at  the  Cliff  House.  Manitou.  .At  1 115  P.  M.  those  who  care  to  do  so 
may  take  the  Cog  Wheel  Route  to  the  summit  of  Pike’s  Peak,  14.109  feet 
above  sea  level.  The  climb  is  made  in  eight  and  three-ciuartcr  miles,  and 
stops  arc  made  at  interesting  points  en  route.  'I’he  impressive  view  gained 
from  the  lofty  altitude  is  one  never  to  be  forgotten,  for  nowhere  in  .America 
is  such  a sight  to  be  had,  standing,  as  it  were,  on  the  backbone  of  the  world. 
^Vith  the  aid  of  the  telescojie  in  the  observation  tower  objects  may  be  clearly- 
seen  over  a bundred  miles  away.  Return  to  Manitou  at  5:05  P.  M.  Those  who 
do  not  care  to  make  the  Pike’s  Peak  trip  will  find  many  interesting  shorter 
trips  from  Manitou.  Dinner  will  be  .served  at  the  Cliff  Hou.se,  after  which 
we  will  return  via  trolley  to  Colorado  .Spring.s,  famous  for  its  great  wealth 
and  ideal  homes,  where  the  evening  will  be  spent.  Sleeping  cars  will  be 
ready  for  occupancy  at  10:30  P.M. 
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Sunday,  September  19. — Leave  Colorado  Springs  at  4:30  A.  M.  All 
meals  during  day  in  dining  car.  Everyone  will  be  stirring  early  in  the 
morning,  as  the  train  has  jiurposely  been  scheduled  to  leave  carl}',  that  most 
of  the  day  may  be  spent  in  the  regal  Rockies.  1 he  famous  Royal  Gorge  is 
passed  at  7 :45  A.  M.  'I  his  climax  of  mountain  scenery  is  easily  the  grandest 
and  most  awe  inspiring  mountain  delile  ever  mastered  by  railroad  engineers. 
At  its  narrowest  point  the  sheer  half-mile-high  walls  of  granite  are  about 
thirty  feet  apart  where  the  train  slips  through  on  the  much-talkcd-of 
hanging  bridge,  which  carries  the  track  over  and  parallel  to  the  rushing 
stream  around  the  projecting  mountain  wall.  The  memory  of  its  stupendous 
proportions  is  everlasting.  Beyond  the  route  is  one  continuous  moving 
picture  of  picturesque  mountain  scenery,  staged  on  the  most  gigantic  scale. 
The  comcplling  fascination  of  it  all  grows  with  the  passage  of  each  succeeding 
mile.  The  Continental  Divide  is  crossed  at  Tennessee  Pass,  10,240  feet  high, 
through  a half-mile  tunnel,  the  western  portal  of  which  opens  on  the  Pacific 
Slope.  The  eastern  portion  of  Utah  is  passed  during  the  night,  and  Salt 
Lake  City  is  reached  at  7 :co  A.  M.  Surely  there  could  be  no  more  fitting  way 
to  spend  the  Sabbath  than  to  thus  pass  through  this  wonderful  panoramic 
scenery  and  view  the  Creator’s  handiwork. 

Monday,  Septe.mber  20. — Arrive  at  Salt  Lake  City  at  7:00  A.  M.  Break- 
fast at  Newhouse  Hotel.  This  city,  with  its  quaint  Mormon  institutions,  its 
commercial  aggressiveness  and  its  attractive  environs,  has  a fascinating  lure 
to  the  tourist,  and  whose  sojourn  there  is  afterwards  cherished  among  the 
most  pleasant  recollections  of  the  entire  trip.  Here  will  be  found  the  great 
Mormon  Temple,  the  Tabernacle,  the  Bee  Hives  built  by  l:lrigham  Young 
for  his  many  wives,  and  other  points  of  national  interest.  Leave  Salt  Lake 
City  at  11:45  A.  M.,  via  the  Western  Pacific  Railway.  The  route  is  through 
a country  of  beautiful  and  diversified  scenery.  Skirting  the  southern  shores 
of  Great  Salt  Lake,  the  salt  beds  of  the  desert  basin  are  soon  crossed.  In 
places  this  salt  is  almost  12  feet  thick  and  98  per  cent  pure.  As  night  draws 
nigh  the  .sand  and  sage  brush  country  is  reached.  Luncheon  and  dinner  in 
dining  car. 

Tuesday,  Sei'TE.mber  21. — This  is  the  last,  but  by  no  means  the  least  in- 
teresting, day  of  the  trans-continental  journey,  .^s  daylight  approaches  it 
brings  the  somewhat  unusual  experience  of  traveling  through  a region  almost 
virgin  in  character,  but  with  great  possibilities  which  have  heretofore  lain 
dormant,  because  of  remoteness  from  modern  transportation  facilities.  Soon 
the  foot-hills  of  the  Sierras  may  be  seen  in  the  distance,  and  as  the  train 
proceeds  the  character  of  the  country  becomes  more  mountainous.  .A.t  the 
summit  Hawley  is  reached  and  the  scenic  attractions  constantly  increase.  The 
Grand  Canyon  of  the  Feather  River,  a remarkable  90-mile-long  gorge,  through 
which  the  rails  are  laid  on  a shelf  chiseled  in  the  side  of  the  canyon,  and  the 
alternating  views  of  river,  meadow,  glen  and  valley,  present  a fianorama  which 
is  indeed  attractive.  Oroville,  at  the  western  end  of  the  canyon,  is  the  center 
of  a large  gold-dredging  di.strict.  Rolling  down  the  we.stern  slope  into  the 
wealthy  Sacramento  Valley,  the  train  passes  through  the  city  of  the  same 
name,  which  is  California’s  caiiital  and  the  center  of  a great  fruit  section, 
.^fter  passing  through  Stockton  the  train  .soon  imlls  into  Oakland,  from 
which  point.  San  Franci.sco.  our  Convention  City,  is  rcachfc<l  by  ferry  at 
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6:30  P.  M.  Breakfaast  and  luncheon  will  be  served  in  the  dining  car,  dinner 
in  San  Francisco. 


RETURN  ACCOM  MOUATIONS 

In  order  to  allow  a freedom  in  the  selection  of  return  routes  in  ac- 
cordance with  the  individual  wishes  of  every  member  of  the  party,  no 
dcfmitc  special  arrangements  are  made  for  the  return  trij),  but  return  route 
must  be  decided  upon  at  the  time  when  your  ticket  is  purchased.  For  con- 
venience, however,  an  outline  is  given  below  of  several  of  the  most  interesting 
and  popular  return  routes.  If  it  is  found  that  the  necessary  number  of  persons 
will  travel  together  in  one  party,  special  equipment  will  gladly  be  furnished, 
including  any  pre-arranged  .stop-overs  that  may  be  considered  desirable. 

Route  A. — Southern  Pacific  Railroad  from  San  Francisco  to  Los  .\ngeles, 
with  side  trip  to  San  Diego,  without  extra  tran.sportation  cost,  but  must  be 
covered  in  ticket  at  time  of  purchase.  Santa  Fe  Railroad  from  Los  .Angeles 
to  Chicago,  Denver  or  Kansas  City.  This  will  allow  a side  trip  to  the  (irand 
Canyon  of  Arizona,  from  Williams,  .Ari.,  at  an  additional  cost  of  $7.50. 

Route  B. — Southern  Pacific  Railroad  to  Los  Angeles,  with  side  trip  to 
San  Diego,  without  extra  transportation  cost,  and  Southern  Pacific  Railroad 
from  Los  Angeles  to  New  Orleans,  etc. 

Route  C. — The  Great  Northern  Pacific  Steamship  Company  to  Portland, 
Ore.,  or  Southern  Pacific  Railway  to  Portland.  The  Great  Northern  Railway 
to  St.  Paul  via  Tacoma,  Seattle,  Spokane,  and  Burlington  Route  from  St.  Paul 
to  Chicago,  etc.,  which  takes  you  300  miles  along  the  picturesque  Mississippi 
River.  Side  trip  from  San  Francisco  to  Los  Angeles  may  be  included  in 
ticket. 

Route  D. — The  Great  Northern  Pacific  Steamship  Company  to  Portland, 
Ore.,  or  Southern  Pacific  Railway  to  Portland.  Ore.,  and  Northern  Pacific 
Railway  to  St.  Paul,  Minnesota,  via  Tacoma.  Seattle,  Spokane,  Burlington 
Route  (Mississippi  River  scenic  line)  to  Chicago.  Side  trip  from  San  Fran- 
cisco to  Los  Angeles  may  be  included  in  ticket. 

Route  E. — Southern  Pacific  Railway  to  Los  Angeles,  side  trip  to  San 
Diego,  without  extra  transportation  cost.  Salt  Lake  Route  to  Salt  Lake  City, 
Denver  & Rio  Grande  Railroad.  Colorado  Midland  Raihvay  to  Denver, 
Burlington  Route  to  Chicago  or  St.  Louis  via  Kansas  City,  St.  Joseph  or 
Omaha. 

There  are  many  other  interesting  and  attractive  return  routes  and  your 
local  ticket  agent  can  give  you  full  information  regarding  same. 


DERTII  RE.SERVATIONS  AND  GENERAL  INFOR.MATION 

As  before  stated,  sleeping-car  reservations  should  be  made  at  an  early 
date,  in  order  that  the  necessary  equipment  may  be  reserved  and  comfortable 
accommodations  insured  for  all.  Reservations  will  be  made  in  the  order  in 
which  they  are  received.  Further  information  about  this  special  train,  or  as 
to  fares,  routes,  reservations,  etc.,  will  be  gladly  and  promptly  furnished  by 
\V.  H.  Ross,  Secretary,  The  .American  Society  of  Refrigerating  Engineers, 
154  Na.ssau  Street,  New'  York,  N.  Y.,  or  by  any  Burlington  Route  repre- 
sentative. 


A.  S.  R.  E.  Journal 

VoL.  2 September,  1915  No.  2 


CONTENTS 

Page 


San  Hernardino  Precooling  Plant.  C.  M.  Gay 5 

The  Oil  Engine  for  Ice  Plant  Service.  Louis  K.  Doelling 21 

9 

The  Rate  of  Heal  Transfer  in  Double- Pipe  Brine  Coolers.  Fred 

Ophuls  and  Van  R.  H.  (ireene 45 

Program  of  Joint  Meeting  of  A.  S.  R.  E.  and  .\.  R.  R.  in  San 

Francisco 75 

Council  Notes  76 

Amendments  Propo.sed  to  the  Constitution. ...  78 

Society  .Affairs  73 


Published  Bi-Monthly 

B Y 

The  A.merican  Society  of  Refrigerating  Engineers 
154  Nass.\u  Stkeet,  New  York,  X.  Y. 


Subscription  price.  United  States  and  dependencies,  $3.00  a year;  Foreign  countries  in 
Postal  Union,  $4.00  a year. 

.\p;ilication  for  entry  as  second-class  matter  at  the  Post  Office  at  New  York,  N.  V'., 
pending. 


Copyright,  1915,  by  The  American  Society  of  Refrigerating  Engineers 


OFFICERS 


THE  AMERICAN  SOCIETY  OF  REFRIGERATING 

ENGINEERS 

1915 


I.ouis  K.  Doelling 


President 


New  York,  N.  Y. 


Vice-Presidents 

Theodore  O.  Vilter Milwaukee,  Wis. 

{Term  expires  at  Annual  Meeting  of  1915) 

Ezra  Frick Waynesboro,  Pa. 

{Term  expires  at  Annual  Meeting  of  1916) 

Treasurer 

George  A.  Horne New  York,  N.  Y. 

Directors 

P.  D.  C.  Ball St.  Louis,  Mo. 

Carl  Behn New  York,  N.  Y. 

R.  M.  McCandlish Kansas  City,  Mo. 

Thomas  Shipley York,  Pa. 

Henry  Torrance New  York,  N.  Y. 

{Terms  expire  at  Annual  Meeting  of  1915) 

John  S.  DeHart,  Jr Newark,  N.  J. 

George  H.  Geisler San  Francisco,  Cal. 

V.  R.  H.  Greene New  York,  N.  Y. 

F.  E.  Matthews Leonia,  N.  J 

Edward  F.  Miller Boston,  Mass. 

{Terms  expire  at  Annual  Meeting  of  1916) 

Walter  S.  Ashton St.  Louis.  Mo. 

John  C.  Atwood St.  Louis.  Mo. 

Homer  McDaniel Cleveland,  Ohio 

J.  F.  Nickerson Chicago,  111. 

A.  B.  Strickler York,  Pa. 

{Terms  expire  at  Annual  Meeting  of  1917) 

Secretary 


William  H.  Ross 


New  York,  N Y. 


COMMITTEES 


Membership  Committee: 

Thomas  Shipley,  Chairman,  York, 
Pa. 

Carl  Behn,  New  York,  N.  Y. 

Ezra  Frick,  Waynesboro,  Pa. 

Finance  Committee: 

Theodore  O.  Vilter,  Chairman, 
Milwaukee,  Wis. 

R.  M.  McCandlish,  Kansas  City, 
Mo. 

A.  B.  Strickler,  York,  Pa. 

Publication  Committee: 

V.  R.  H.  Greene,  Chairman,  New 
York.  N.  Y. 

F.  E.  Matthews,  Leonia,  N.  J. 
Edward  F.  Miller,  Boston,  Mass. 

Program  Committee: 

George  A.  Horne,  Chairman,  New 
York,  N.  Y. 

P.  D.  C.  Ball.  St.  Louis,  Mo. 
John_  S.  DeHart,  Jr.,  Newark, 
N.  j . 

Homer  McDaniel,  Cleveland,  O. 

J.  F.  Nickerson,  Chicago,  111. 

Nominating  Committee: 

Henry  Torrance,  Chairman,  New 
York,  N.  Y, 

E.  N.  Friedmann,  New  York,  N.  Y. 
Peter  Neff,  Canton,  O. 

Thomas  Shipley,  York.  Pa. 

R.  H.  Tait,  St.  Louis,  Mo. 

Tellers  of  Election  of  Members : 

W.  D.  Monks,  Chairman,  New 
York.  N.  Y. 

Peter  Binzel,  New  York.  N.  Y. 
Jean  Neubecker,  New  York.  N.  Y. 

Committee  on  Suggesting  a Standard 
Tonnage  Basis  of  Refrigeration  and 
Standard  Method  of  Testing  Re- 
frigerating Machinery  to  Act 
Jointly  with  a Similar  Committee 
of  the  American  Society  of  Me- 
chanical Engineers: 

John  E.  Starr,  Chairman,  New 
York.  N.  Y. 

Louis  Block,  New  York,  N.  Y. 

F.  E.  Matthews,  Leonia,  N.  J. 

W.  Everett  Parsons.  Newark, 
N.  J. 

Thomas  Shipley,  York,  Pa. 


Committee  on  Standardization  of  Am- 
monia Fittings: 

Tho.mas  Shipley,  Chairman,  York, 
Pa. 

Louis  K.  Doelling,  New  York, 
N.  Y. 

Ezra  Frick,  Waynesboro,  Pa. 
Theodore  O.  Vilter.  Milwaukee, 
Wis. 

Henry  Vogt.  Louisville,  Ky. 


Committee  to  Cooperate  with  the  Bu- 
reau of  Standards  in  its  Investiga- 
tions of  Refrigerating  Problems: 

N.  H.  Hiller,  Chairman,  Carbon- 
dale,  Pa. 

Louis  Block,  New  York,  N,  Y. 
Charles  E.  Lucke,  New  York, 
N.  Y. 

Peter  Neff.  Canton.  Ohio. 

R.  H.  Tait,  St.  Louis,  Mo. 


Committee  to  Suggest  Methods  of 
and  Promote  the  Testing  of  the 
Heat  Transmission  of  insulating 
Materials: 

F.  E.  Matthews,  Chairman,  Le- 
onia. N.  J. 

F.  L.  Pryor,  Hoboken,  N,  J. 

C.  D.  H.avenstrite,  Chicago.  111. 

C.  H.  Herter,  Newark,  N.  J. 


Committee  on  Suggesting  a Standard 
Basis  for  Finding  the  Fuel  Economy 
of  Steam-Driven  Ice  Manufactur- 
ing Plants: 

N.  H.  Hiller.  Chairman,  Carbon- 
dale,  Pa. 

Edward  W.  Gallenkamp,  Jr.,  St. 
Louis,  Mo. 

H.  D.  Pownall,  Canton,  O. 

George  E.  Wells,  St.  Louis,  Mo. 


Committee  to  Determine  the  Sources 
of  Foreign  Gases  in  Refrigerating 
Systems: 

H.  Dannenbaum,  Chairman,  Phila- 
delphia, Pa. 

Lotns  Block,  New  York.  N.  Y. 

W.  H.  Bower,  Philadelphia.  Pa. 

F.  L.  Fairbanks,  Boston,  Mass. 

R.  H.  Tait,  St.  Louis,  Mo. 


COMMITTEES— (Cow/an/frf) 


Committee  on  Municipal  and  State 
Rules  and  Regulations  for  Refrig- 
erating Plants  and  Refrigerants: 

W.  Everktt  Parsons,  Chairman, 
New  York,  N,  V. 

Gus  Benners,  South  Boston.  Mass. 
S.  B.  Carpeniier,  New  Brunswick. 
N.  J. 

H.  Dannenhaum,  Phila(lelj)hia.  Pa 
P'.  L.  Fairhanks.  Boston,  Mass. 
George  Horne,  New  York,  N.  Y. 
L.  Howard  Jenks,  New  York.  N.Y. 
Edward  F.  Miller,  Boston,  Mass. 
John  E.  St.-vrr,  New  York,  N.  Y. 
Henry  Torrance,  New  York.  N.  Y. 
Llewellyn  Williams,  Boston, 
Mass. 


Committee  to  Secure  Additional  Ap- 
propriation from  Congress  to  En- 
able Bureau  of  Standards  to  Con- 
tinue Investigations  of  Refrigera- 
tion Constants: 

Theodore  O.  Vilter,  Chairman, 
Milwaukee,  Wis. 

William  H.  Bower,  Philadelphia, 
Pa. 

Louis  K.  Doelling,  New  York, 
N.  Y. 

Ezra  Frick,  Waynesboro.  Pa. 
Thomas  Shipley,  York,  Pa. 

Delegates  to  International  Engineer- 
ing Congress.  San  Francisco.  Cal. : 

Louis  K.  Duelling,  Chairman,  New 
York.  N.  Y. 


E.  J,  Etie.n.ne,  San  I'rancisco.  Cal. 
Geo.R(;e  H.  Geisler.  Oakland.  Cal. 
W.  H.  Ross.  New  York.  N.  Y. 

• 

Special  Program  Committee,  San 
Francisco  Meeting: 

George  H.  Geisler,  Chairman,  Oak- 
land. Cal. 

E.  J.  Etienne.  San  Francisco.  Cal. 

F.  W.  Langley.  Los  .Angeles,  Cal. 
.Arthur  Meltzer.  Los  .Angeles.  Cal. 
Lelani)  S.  Rosener,  San  Francisco, 

Cal. 

Walter  W.  Sandholt,  Oakland, 
Cal. 


Rez'ision  of  Constitution  and  By-Laws 
Committee: 

L.  Howard  Jenks,  Chairman,  New 
A'ork.  N.  Y. 

Louis  Block,  New  York.  N.  Y. 

E.  N.  Friedmann.  New  York.  N.Y. 

F.  E.  Matthews;,  Leonia,  N.  J. 
Peter  Neff,  Canton,  O. 

W.  H.  Ross,  New  York.  N.  Y. 
Thomas  Shipley.  York,  Pa. 

John  E.  Starr,  New  York,  N,  Y. 

R.  H.  Tait,  St.  Louis.  Mo. 

Henry  Torrance,  New  York,  N.Y. 


Cold  Storage  Legislation  Committee: 

Henry  Torrance,  Chairman,  New 
York,  N.  Y. 

Franic  .a.  Horne,  New  York.  N.  Y. 
Home.?  McDaniel,  Cleveland,  O. 


A.  S.  R.  E. Journal 


VoL.  2 September,  1915  ■ No.  2 


SAN  BERNARDINO  PRECOOLING  PLANT 

By  C.  M.  Gay,  Los  Angele.^,  Cal, 

Precooling,  as  related  to  transportation,  is  a term  frequently 
misunderstood  and  misapplied.  There  is  but  little  general  expe- 
rience in  the  art,  and  it  has  been  confounded  with  cold  storage  and 
methods  applied  to  static  conditions  from  a misconception  of  its 
real  application  and  significance.  That  it  should  appear  as  a com- 
plete, practical  and  efficient  system  of  cooling  applied  to  a whole 
train  of  loaded  refrigerator  cars,  with  a precursor  of  only  a few 
sporadic  experiments  applied  to  single  cars,  is  an  evidence  of  care- 
ful and  comprehensive  engineering,  supported  by  ample  capital  and 
earnest  cooperation. 

The  term  “precooling,”  properly  applietl,  relates  primarily  to 
transportation  and  the  immediate  cooling  of  products  within  the 
refrigerator  cars  without  rehandling  and  entirely  apart  from  the 
idea  of  refrigerating  in  cold  storage  warehouses  under  ordinary 
practice.  There  is  no  element  of  novelty  in  the  cooling  of  perish- 
able products  in  refrigerated  rooms,  the  ultimate  object  being  either 
that  of  reduction  of  temperature  only  or  the  indefinite  holding  of 
products  for  an  advanced  market.  This  is  a cooling  or  cold  storage 
function  entirely  within  the  discretion  and  control  of  grower  or 
shipper.  Precooling,  on  the  other  hand,  being  performed  within 
the  refrigerator  cars  themselves,  eliminates  all  question  of  cold 
storage  or  holding  goods  for  market,  and,  by  virtue  of  the  fact  that 
it  is  so  performed,  necessitates  speed,  eliminating  every  factor  of 
delay  as  a prime  requisite  of  successful  operation  and,  therefore, 
logically  becomes  a function  which  is  a prerogative  of  the  transpor- 

* This  paper  is  copyrighted  by  The  American  Society  of  Refrigerating 
Engineers  and  issued  to  the  membership  prior  to  the  meeting  on  Septem- 
ber 23  and  24,  1915,  at  which  it  will  be  read,  in  order  that  members  may 
prepare  any  discussion  zvhich  they  may  zAsh  to  present.  It  is  issued  in 
confidence  and  zeith  the  understanding  that  the  paper  is  not  to  be  reprinted. 
ez>en  in  abstract,  until  after  it  has  been  read  at  the  meeting,  and  then  only 
on  the  authority  of  the  Publication  Committee.  It  is  subject  to  reznsion  by 
the  author  and  the  Society. 

The  Society  is  not  responsible  for  statements  or  opinions  advanced  in 
papers  or  in  discussions  at  its  meetings. 
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tation  companies,  in  the  same  manner  that  cold  storage  before  de- 
livery to  the  railway  company  is  an  uiKjuestioned  prerogative  of  the 
shipper. 

The  element  of  time  involved  in  the  operation  of  precooling 
being  one  of  prime  importance  in  accelerating  the  movement  and 
availability  of  refrigerator  cars  and  equiijnient  furnishes  a factor 
that  fits  exactly  with  the  recpiirements  of  (piick  and  efficient  arrest 
of  deterioration  and  decay  in  the  fruit  or  other  perishable  products 
handled.  The  concrete  advantages  of  precooling  may  be  summarized 
as  follows:  Quick  reduction  of  temperature  to  a safe  point  for 
transportation  purposes ; elimination  of  decay  and  deterioration ; 
reduction  of  the  number  of  stops  and  switches  for  re-icing  in  transit; 
shortening  of  time  of  delivery  from  the  producer  to  market;  avoid- 
ance of  rehandling  to  and  from  storage,  and  extension  of  the  market 
by  the  lengthened  radius  of  safe  shipment. 

Granting  the  desirability,  from  the  standpoint  of  the  shipper, 
carrier  and  consumer,  of  securing  these  advantages,  we  are  brought 
to  the  consideration  of  adecpiate  precooling  equipment,  its  cost  and 
efficiency. 

In  1907  the  problem  of  the  possibility  of  cooling  the  contents 
of  a whole  train  of  refrigerator  cars  loaded  with  oranges  was  as- 
signed to  the  author  by  the  Atchison,  Topeka  & Santa  h'e  Railroad 
Company.  The  idea  was  to  accomplish  in  five  hours  or  less  a reduc- 
tion in  temperature  of  the  fruit  from  the  packing  house  tempera- 
ture of  60®  to  90°  V.  to  the  average  refrigerator  car  temperature 
of  44°  to  48®. 

By  agreement,  an  experimental  refrigerating  plant  of  the  Santa 
Fe  Railroad  at  San  Bernardino,  Cal.,  was  turned  over  to  the  author 
for  the  purj)ose  of  ascertaining  if  it  were  possible  to  precool  oranges 
in  trainloads  on  track,  and  at  what  approximate  cost  and  efficiency. 
The  result  of  the  experiments  which  followed  and  the  engineering 
data  compiled  therefrom  formed  the  basis  of  design  upon  which 
the  present  great  Santa  Fe  plant  was  built  at  San  Bernardino,  Cal., 
a description  of  which  will  probably  give  a clearer  idea  of  actual 
accomplishment,  rather  than  a long  treatise  on  what  might  be  done. 

The  combined  ice  making  and  precooling  plant  of  the  Santa  Fe 
Railroad  is  located  in  the  center  of  the  citrus  fruit  district  at  San 
Bernardino,  and  has  been  in  continuous  operation  since  its  erection 
in  1910.  “Pick-up”  trains  operated  throughout  the  entire  San  Ber- 
nardino valley  are  taken  to  the  precooling  station  as  fast  as  loaded 
and,  after  a delay  of  about  four  hours  for  precooling,  proceed  to 
the  eastern  destinations,  only  occasional  sub.scquent  icing  being 
needed  en  route. 

The  early  experiments  conducted  by  the  author  proved  conclu- 
sively many  engineering  facts  in  regard  to  the  condition  of  refrigera- 
tor cars  and  ec|uipment,  u])on  which  were  based  inventions  and  de- 
vices peculiar  to  the  system  finally  adopted.  One  fact  stood  out 
prominently — that  all  refrigerator  cars  were  far  from  being  air- 
tight. Upon  testing  the  cars,  after  closing  them  as  tightly  as  pos- 
sible, with  an  air  nressure  etiui valent  to  half  an  inch,  water  gage. 
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Longitudinal  sections  of  boiler,  engine,  tank  and  day  storage  rooms. 
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they  showed  a loss  of  air  from  unseen  openings  of  from  eight 
hundred  to  two  thousand  cubic  feet  per  minute,  and  an  equivalent 
vacuum  within  the  car  produced  practically  the  same  result  in  the 
amount  of  air  drawn  in  from  the  outside.  Consequently,  in  order 
to  perform  the  function  of  precooling  in  an  efficient  manner  and 
without  great  loss  of  refrigeration,  it  was  highly  necessary  that 
exactly  as  much  air  be  withdrawn  from  the  car  as  was  being  forced 
into  it  in  the  process  of  cooling,  and  that  the  air  circulating  system 
must  be  so  balanced  that  the  point  of  equalization  between  the 
pressure  coming  from  the  main  pressure  air  ducts  and  the  suction 
established  in  the  main  return  ducts  should  occur  as  nearly  as  pos- 
sible in  the  center  of  the  car.  This  preliminary  e.xjilanation  is  given 
in  order  to  afford  a better  understanding  of  the  description  and 
illustrations. 

The  main  building.  Fig.  i,  comprising  the  power  plant,  tank- 
room,  day  storage  and  winter  storage,  is  511  feet  6 inches  long  by 
132  feet  wide.  Connected  to  the  winter  storage  are  the  precooler 
chamber  and  icing  dock,  extending  for  a distance  of  737  feet  6 
inches,  the  icing  dock  proper  being  693  feet  long.  This  gives  a full 
length  of  1,249  the  plant,  or  approximately  one- fourth  of 

a mile.  The  structure  is  entirely  of  reinforced  concrete,  with  in- 
terior partitions  and  tunnels  of  the  same  material.  The  building 
may  be  considered  as  divided  into  two  portions,  one  devoted  to  ice 
manufacture  and  the  other  to  precooling.  reinforced  concrete 
reservoir  has  been  built,  partially  underground,  30  feet  away  from 
the  power  house  end  that  is  80  feet  square  by  10  feet  deep  and  is 
used  in  connection  with  an  ammonia  condensing  system  of  the  two- 
coil  or  double-pipe  type.  Adjoining  this  a pumphouse  has  been 
erected  in  which  are  installed  two  water  circulating  pumps  for  sup- 
plying water  for  the  ammonia  condensers.  One  pump  is  steam 
driven  and  the  other  electricallv  driven.  There  is  a transformer 
station  on  a line  with  the  pump  house,  and  a crude  oil  tank,  20  by 
30  by  10  feet,  has  been  constructed  similar  to  the  water  reservoir 
and  parallel  to  the  boiler  room. 

Water  for  the  entire  plant,  including  ice  manufacture,  is  ob- 
tained from  an  artesian  well,  which  is  connected  to  the  reservoir 
by  a 14-inch  steel  pipe  line.  The  pipe  line  is  on  the  surface  of  the 
ground  at  the  well  end  and  enters  a measuring  weir  at  the  basin 
end  approximately  four  inches  below  the  edge  of  the  reservoir, 
giving  a gradient  of  but  one  per  cent.  The  flow  from  this  well 
furnishes  a supply  of  500  gallons  a minute,  the  normal  flow  being 
increased  to  this  extent  by  an  air  lift,  for  which  purpose  a four- 
inch  air  line  is  placed  in  the  same  trench  with  the  water  line.  The 
air  compressors  for  this  system  are  located  in  the  boiler  room. 

The  ice  manufacturing  system  comprises  three  350-horsepower 
Sterling  boilers,  set  two  in  a battery  and  one  single.  These  furnish 
steam  to  two  24  by  42-inch  cross-compound  Corliss  engines,  each 
direct  connected  to  one  300-ton,  17  by  34-inch  duplex,  double-acting 
Vilter  refrigerating  machine.  Adjacent  to  the  engine  room  is  a 
36  by  24-foot  fore-cooler  tank,  also  containing  filters  and  ammonia 
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receivers,  the  latter  being  placed  under  the  filtering  apparatus.  The 
freezing  tank  chamber  is  115  feet  6 inches  long,  and  e.xtends  across 
the  full  width  of  the  building,  being  21  feet  high  in  the  ceiling,  with 
the  floor  line  below  grade  the  distance  noted.  The  floor  is  of 
concrete,  covered  with  two-inch  corkboard  over  which  there  is  a 
finish  of  lYi  inches  of  asphalt.  Three  75-ton  icemaking  tanks 
are  here  installed,  giving  a total  capacity  of  225  tons.  The  cans 
used  are  of  the  regulation  size,  1 1 by  22  by  44  inches,  forming 
300-pound  blocks,  and  are  handled  three  at  a time  by  electrically 
driven  traveling  cranes.  One  300-ton  refrigerating  tank  is  used 
for  the  precooling  system  and  is  equipped  with  a Vilter  flooded 
ammonia  system  of  brine  coils,  with  an  accumulator. 

The  day  storage  room,  h'ig.  2,  has  a daily  capacity  of  900  tons  of 
ice,  when  blocks  of  300  pounds  each  are  placed  on  end  in  one  tier. 
The  winter  storage  is  divided  into  four  compartments  by  six-inch 
concrete  partitions,  giving  a storage  capacity  of  about  7,000  tons  for 
each  section,  I'ig.  3.  Each  room  in  the  winter  storage  is  provided 
with  an  endless-chain  ice  elevator  for  storing,  and  has  an  iron  ladder 
for  access.  Adjacent  to  the  wall  separating  the  tank  room  and  the 
day  storage,  and  below  the  floor  of  the  latter,  is  a 49  by  33  by  i i-foot 
brine  chamber,  which  is  shown  in  an  accompanying  drawing.  This 
compartment  contains  a 200-ton,  two-coil,  double-pipe  brine  cooler 
and  three  electrically  driven  circulating  pumps.  The  latter  are 
interchangeable,  two  being  used  for  the  storage  plant  or  two  for  the 
precooling  syvStem,  as  the  conditions  necessitate ; by  this  arrangement 
it  was  possible  to  omit  a fourth  pumping  unit. 

A concrete  tunnel  eight  feet  wide  leading  from  this  brine  cool- 
ing chamber  extends  through  both  storage  rooms.  At  the  end  of 
the  winter  storage  the  tunnel  becomes  a double-deck  structure,  the 
added  section  being  of  like  size  and  construction  as  the  lower  duct. 
This  lower  tunnel  is  used  for  the  brine  mains  to  the  winter  storage, 
and  to  the  precooler  coil  chamber;  the  upper  portion  gives  access 
to  the  winter  storage  and  carries  an  endless-chain  ice  conveyor 
which  leads  from  and  through  the  day  storage.  The  entire  storage 
plant,  including  the  brine  chamber,  is  insulated  with  ijE4-inch  double 
Nonpareil  corkboard,  with  an  asphalt  finish  of  i]/2  inches  thick  on 
the  floors.  The  roof  is  insulated  with  Linofelt  and  air  spaces. 
Neither  room  has  any  outside  openings,  all  ice  being  handled  through, 
the  day  chamber  and  the  central  tunnel  in  the  winter  storage  room. 

Connected  by  concrete  tunnels,  the  precooler  coil  chamber  ad- 
joins the  winter  storage.  It  is  44  feet  6 inches  long  by  48  feet 
wide  and  is  insulated  with  3-inch  corkboard.  The  installation  con- 
sists of  a brine  coil  of  2-inch  galvanized  pipe,  supported  by  4-inch 
channel  uprights  and  small  angle  brackets  riveted  thereto.  Eight 
double-inlet  Sirocco  fans,  each  about  10  feet  diameter,  are  arranged 
in  two  banks  of  four'  each.  A set  of  four  fans,  two  upper  and  two 
lower  on  each  side,  is  driven  by  an  85-horsepower  motor.  One 
bank  is  used  for  blowing,  while  the  other  is  for  exhausting,  each 
function  being  capable  of  execution  by  either  set  without  reversing 
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Fig.  4. — Transverse  section  through  car  shed,  showing  precooler  air  ducts. 

the  direction  of  rotation.  A horizontal  concrete  baffle,  literally  a 
door,  is  placed  between  the  two  banks. 

Leading  from  the  precooler  chamber  two  longitudinal  concrete 
tunnels  or  air  ducts  extend  to  form  the  main  support  of  the  car-icing 
dock.  These  are  7 feet  6 inches  and  9 feet  6 inches  high,  respec- 
tively, and  10  feet  4 inches  wide;  both  are  of  the  same  length,  con- 
tinuing the  full  length  (93  feet)  of  the  icing  dock.  The  lower  tunnel 
is  the  pressure  duct,  and  the  upper  the  vacuum  duct,  both  being 
internally  insulated  with  3-inch  corkboard.  Refrigerating  coils 
of  galvanzed  iron  brine  pipe  are  arranged  on  both  sides 

of  either  duct,  a total  length  of  about  50,000  feet  being  required. 
Connected  to  these  sections  are  Xo.  18  galvanized  iron  pipes  22 
inches  internal  diameter,  with  liquid  sealed  revolving  joints.  They 
serve  as  laterals  to  couple  the  system  to  the  refrigerator  cars,  see 
Figs.  4,  5 and  6. 

Purchasing  electric  current  at  high  voltage  from  a central  sta- 
tion, and  stepping  down  to  a voltage  suitable  for  operation,  the 
electric  .system  oflFers  no  particular  departure  from  ordinary  prac- 
tice : that  is,  the  electrical  energy  is  obtained  at  10,000  volts  and 
reduced  to  440  volts  for  motor  ojieration,  and  again  to  1 10  volts 
for  a three-wire  lighting  system.  Alternation  of  steam  driven  and 
electrically  driven  auxiliary  machinery  permits  of  a continuance  of 
operation  should  trouble  occur  at  the  central  station. 

The  plant  has  a maximum  precooling  capacity  of  32  cars,  16  on 
either  side  of  the  icing  dock,  in  every  four  hours,  or  approximately 
150  cars  every  24  hours.  The  brine  is  taken  from  the  300-ton  brine 
tank  by  the  circulating  pumps  in  the  brine  chamber  beneath  the 
day  storage,  sent  through  its  refrigerating  circuit  and  returned  to 
be  cooled  by  the  brine  coils  in  the  same  compartment.  By  this 
refrigeration  of  the  main  ducts  the  circulating  air  is  kept  in  a 
similar  state  throughout  its  entire  movement  except  when  passing 
through  the  lateral  connections  to  and  from  the  cars.  \ large  auto- 
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Sectional  plan  of  air  ducts  and  precooler. 
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matic  equalizing  valve  connecting  the  pressure  and  vacuum  ducts 
is  placed  near  the  terminals  of  the  tunnels.  Hy  regulation  of  this 
valve  the  pressure  of  the  air  delivered  to  the  cars  and  the  suction 
at  which  it  is  withdrawn  are  positively  governed.  The  opening 
of  this  valve  forms  a by-pass  whenever  the  differential  pressure 
becomes  excessive,  thus  permitting  the  air  to  circulate  through  the 
main  ducts  and  main  cooling  chamber  even  when  no  connections 
arc  made  for  precooling. 

An  automatic  intake  valve  is  located  at  the  extreme  outer  end 
of  the  vacuum  or  low-pressure  duct  for  the  replacement  of  air 
which  may  be  lost  from  the  system  by  blowing  the  warm  air  from 
the  cars.  This  is  regulated  to  open  when  the  vacuum  falls  below 
the  differential  pre.ssure  at  which  the  equalizing  valve  is  adjusted. 
The  fresh  air  so  taken  into  the  system  travels  the  full  length  of 
the  suction  duct,  through  the  precooler  coil  chamber,  and  is  then 
delivered  to  the  high-pressure  duct  to  be  distributed  through  the 
cars.  This  insures  the  proper  cooling  of  all  air  brought  into  the 
system  from  outside  sources  during  the  operation. 

In  the  fan  installation,  the  upper  bank  is  used  for  exhaust  from 
the  low-pressure  duct,  delivering  the  air  to  the  precooler  coil  cham- 
ber and  thence  over  the  brine  coils.  The  other  set  draws  the  air 
from  the  coil  chamber  and  di.scharges  into  the  lower  or  main  pressure 
duct  for  circulation  through  the  system.  The  total  air  so  handled  is 
about  260,000  cubic  feet  ]jer  minute.  The  lower  duct  is  held  at  a 
pressure  corre.sponding  to  from  one-half  to  three-quarters  of  an 
inch  of  water  above  atmosphere,  and  the  u])per  at  a vacuum  of  one- 
half  to  three-quarters  of  an  inch  of  water.  Accordingly,  the  air  is 
supplied  to  the  former  at  a* temperature  of  from  8°  to  10°,  and  is 
returned  through  the  latter  at  a temperature  varying  from  20°  to  24°. 

The  fundamental  principle  of  the  Gay  system  is  to  secure  a 
balanced  circuit  with  the  pressure  above  atmosphere  in  the  pressure 
duct,  practically  equivalent  at  all  times  to  the  vacuum  below  atmos- 
phere in  the  return  on  the  suction  duct.  By  this  method  a balanced 
differential  air  pressure  directly  at  the  ducts  is  obtained  without 
the  overcoming  of  any  frictional  resistance  in  the  coil  chamber. 
The  point  of  equalization  of  the  air  current  is  thus  practically  in 
the  center  of  the  refrigerator  car,  whenever  such  connections  may 
be  made.  Tests  at  the  plant  show  that  the  differential  pressures 
are  so  equally  balanced  during  precooling  as  to  allow  the  opening 
of  the  refrigerator  doors,  in  the  center  of  each  side  of  the  car, 
without  any  apparent  loss  of  air  to  the  outside,  or  the  bringing  in 
of  anv  warm  air,  although  a current  of  from  6,000  to  8,000  cubic 
feet  per  minute  of  cold  air  is  passing  through  the  cars. 

Valves  fitted  to  each  lateral  pipe,  opening  into  both  the  pres- 
sure and  the  vacuum  ducts,  as  noted,  secure  the  effect  of  cross 
connection  and  reversal  of  current,  without  any  interchange  of  the 
laterals.  By  em])loying  the  liquid-sealed  revolving  joints,  universal 
horizontal  adjustment  is  obtained  for  connecting  the  laterals  to  the 
refrigerator  car  openings.  In  this  manner  the  union  can  be  mane 
to  an  entire  train  without  uncoupling  or  si)otting  of  cars  and  regard- 
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less  of  their  various  lengths.  The  closing  connections  between  the 
lateral  air  pipes  and  the  cars  is  accomplished  by  a bellows  spring 
and  scissors-lever  joint,  comprised  of  leather  and  iron  rings,  operated 
by  a crank.  This  preserves  the  entire  area  of  the  pipe  under  any 
adjustment  and  makes  the  connection  airtight  almost  instantly.  The 
pipes  themselves  are  absolutely  airtight,  being  externally  insulated 
with  two  layers  of  three-quarter-inch  felt  suitably  covered.  By 
means  of  the  universal  joints  they  swing  free  of  the  car  track  when 
disconnected.  No  telescope  connections  are  employed  in  this  system 
and  no  internal  valves,  the  valves  used  being  visible  for  constant 
inspection 

Fig.  7 is  a general  view  of  the  car  icing  dock,  showing  the  ice 
conveyor  in  operation.  Figs.  8 and  9,  general  views  of  the  lateral 
air  ducts,  showing  their  means  of  suspension,  and  how  they  are 
swung  into  position  and  connected  to  the  cars.  Fig.  10,  a sectional 
view  showing  details  of  construction  of  connections  and  valves 
through  which  the  lateral  ducts  are  placed  in  communication  with 
the  pressure  and  vacuum  ducts.  Fig.  ii  shows  a general  view  of 
the  engine  room. 

In  practice  the  cars  are  connected  as  shown.  A funnel  is  placed 
over  one  bunker  opening  and  the  pressure  air  duct  is  first  connected 
to  the  car  for  about  twenty  seconds.  The  cold  air  rushing  in 
quickly  displaces  the  warm  air  and  vapors  which  are  allowed  to 
escape  through  the  other  bunker  door  at  the  opposite  end.  The 
lateral  from  the  suction  duct  is  then  joined  to  the  bunker  at  the 
other  end  of  the  car  and  circulation  is  established.  During  the 
cooler  seasons  of  the  year  both  connections  are  made  simultaneously. 
The  differential  pressures,  of  course,  control  the  speed  with  which 
the  air  passes;  the  violence  of  the  current  penneates  to  the  center 
of  every  package,  which  is  an  essential  consideration  in  proper 
jirecooling. 

The  total  amount  of  refrigeration  consumed  by  a car  of  fruit 
averages  about  three  tons,  depending  uiXDii  the  initial  temperature 
of  the  fruit,  which,  varying  with  the  season  of  the  year,  may  cause 
this  amount  to  become  as  low  as  one  and  one-half  tons  or  as  high 
as  four  tons  of  refrigeration.  The  amount  of  air  circulating  through 
each  car  in  a period  of  four  hours  approximates  one  and  one-half 
million  cubic  feet.  When  the  plant  is  running  at  maximum  cajiacity 
the  amount  of  air  circulated  through  each  car  per  minute  is  ab'out 
8,000  cubic  feet,  with  an  average  loss  not  exceeding  five  jier  cent. 
The  cars  are  cooled  to  about  40®  to  45®  Fahrenheit.  For  icing  the 
cars,  upon  the  completion  of  precooling,  or  for  such  cars  as  are 
not  precooled,  the  ice  is  handled  by  the  endless-chain  conveyor 
running  through  the  day  and  winter  storage.  Here  it  may  be 
diverted  or  carried  on  to  the  dock,  the  conveyor  traversing  the 
full  length  on  both  sides  and  making  the  ice  accessible  for  immediate 
loading. 

The  plant  is  provided  with  facilities  for  metering  all  the  brine 
used  in  precooling,  and  in  cooling  the  ice-storage  chambers,  also 
with  thermometers  giving  the  temperatures  at  points  of  entering. 
Barometric  columns  are  installed  in  the  main  air  ducts  and'laterals. 


i6 


SAN  BERNARDINO  I'RECOOLING  PLANT 


Fig.  7. — General  view  of  car  icing  dock,  showing  ice  conveyors. 
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Fig.  9. — General  view  of  car  icing  dock,  showing  lateral  ducts 
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P'ig,  8. — Elevation  of  car  shed,  showing  means  of  attaching  lateral  ducts. 


showing  the  pressure  at  which  the  air  is  circulated  and  returned. 
To  afford  a complete  refrigerating  record  on  every  car  handled,  the 
velocity  of  air  in  both  feed  and  return  laterals  is  measured.  A 
brine  system  of  refrigeration  has  its  advantages  in  precooling  work. 
During  the  period  of  changing  trains  and  other  intermissions  the 
plant  is  given  an  oi)portunity  to  store  up  cold  brine,  placing  it  in 
position  to  properly  handle  the  large  refrigerating  demands  made 
when  a full  load  is  incurred.  The  original  charge  of  ammonia  at 
this  plant  was  about  13,000  pounds,  and  during  its  period  of  opera- 
tion this  has  been  added  to  but  slightly. 

The  plant  represents  an  investment  of  about  $900,000.  The 
special  features  of  the  plant  are  the  combination  of  icemaking  and 
precooling  systems  in  the  same  structure,  the  avoidance  of  loss  of 
refrigerated  air  either  by  leaking  out  of  the  car  or  by  drawing 
outside  air  into  the  car,  and  the  application  of  identical  treatment 
to  one  or  more  cars  at  the  same  time,  with  the  addition  of  effecting 
the  precooling  service  without  any  alterations  in  the  standard  re- 
frigerator car. 

A feature  of  the  operation  of  this  system  is  the  facility  with 
which  the  cooling  pipes  are  defrosted  in  the  ])recooling  system. 
The  large  quantity  of  humid  air  results  in  an  accumulation  of  frost 
upon  the  cooling  pij^es,  which  would  in  time  frost  the  pipes  to- 
gether, so  as  to  impede  air  circulation  and  refrigeration.  Tn  this 
particular  system  the  accumulation  is  comparatively  slow,  as  com- 
pared with  the  amount  of  air  circulated,  owing  to  the  fact  that 
very  little  fresh  air  is  ever  drawn  into  the  system  in  normal  opera- 


i8 


SAN  BERNARDINO  HRECOOl.lNG  PLANT 


Pig,  lo. — Transverse  section  through  pressure  and  vacuum  ducts,  showing 
construction  and  arrangement  of  valves. 
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Fig.  II. — General  view  of  engine  room. 


tion.  However,  some  small  degree  of  evaporation  comes  from  the 
fruit  itself  in  the  short  process  of  rapid  air  circulation  in  addition 
to  the  humidity  of  the  contained  air  in  the  dfferent  cars  and  in 
actual  practice  it  is  found  advisable  to  defrost  the  coils  at  least  once 
a week.  This  is  accomplished  by  stopping  the  brine  circulation  and 
opening  up  four  or  five  air  laterals  from  the  discharge  or  pressure 
duct  to  the  outer  atmosphere,  when  the  great  automatic  eijualizing 
valve  will  open  under  the  suction  from  the  fans,  drawing  the  warm 
air  from  the  outside,  passing  over  the  coils  and  out  of  the  discharge 
laterals.  With  the  brine  circulation  stopped  and  the  warm  external 
air  being  passed  over  the  frosted  coils  and  discharged  again  to  the 
outside,  it  is  found  that  one  hour  to  one  and  one-half  hours  will 
completely  remove  the  frost  from  the  pipes  and  freezing  surfaces. 
The  sewer  connections,  which  are  chargetl  with  calcium  in  the  sewer 
trap,  are  then  opened  and  the  melted  frost  discharged  at  once  to 
the  .sewer,  after  which  the  connections  are  closed  and  the  cooling 
pipes  are  ready  for  another  week’s  operation  without  requiring 
defrosting. 

.Another  feature  of  the  Gay  system  is  the  arraneement  for 
utilizing  the  precooling  connections  as  preheating  connections  during 
severely  cold  weather.  These  are  not  installed  or  required  at  the 
San  Bernardino  plant,  but  may  be  installed  in  such  precooling  plants 
as  are  located  where  the  winter  temperatures  are  very  severe,  operat- 
ing the  cooling  pipes  with  warm  brine,  producing  a higher  tern- 
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pcrature  of  air  to  be  circulated  through  tlie  cars  in  exactly  the 
same  manner  that  the  low  temperature  of  air  secures  precooling. 

The  time  consumed  at  this  plant  in  connecting-  up  two  strings 
of  fifteen  cars  each  to  the  22-inch  air  ducts  and  establishing  com- 
plete circulation  with  four  operatives  employed  in  the  work  of 
making  connections  is  only  ten  minutes,  and  the  carrying  tem- 
peratures are  reached  in  the  period  of  four  hours  or  less,  as  com- 
])ared  with  twenty-four  to  forty  hours  under  ordinary  cold  storage 
conditions. 

Since  the  establishment  of  this  great  plant  over  28,000  cars 
have  been  precooled,  with  the  result  that  damage  claims  have  been 
practically  eliminated  on  shipments  precooled  by  the  Santa  Fe  Rail- 
road. 


THE  OIL  ENGINE  FOR  ICE  PLANT  SERVICE 


21 


THE  OIL  ENGINE  FOR  ICE  PLANT  SERVICE* 

By  Louis  K.  Dolling,  New  York,  N.  Y. 

During  the  past  ten  years  internal  combustion  engines  have 
been  so  perfected  in  design  and  construction  that  they  now  success- 
fully compete  with  steam  engines  in  all  classes  of  work.  Their 
reliability  is  such  that  ocean-going  steamships  are  built  with  single 
units  and  submarines  equipped  with  only  high  speed  oil  engines 
undertake  cruises  of  4,000  miles. 

The  internal  combustion  engine  has  been  introduced  on  a larger 
scale  in  refrigerating  plants  only  in  the  last  three  years.  The  reason 
is  probably  due  to  the  fact  that  in  the  past  nearly  every  plant  that 
required  refrigeration. also  needed  steam.  Packing  houses  and  brew- 
eries required  great  quantities  of  heat  and,  until  a few  years  ago, 
the  majority  of  ice  plants  depended  entirely  on  distilled  water. 
The  necessity  of  having  a steam  boiler,  and  the  fact  that  by  using 
exhaust  steam  power  was  available  as  a by-product,  made  the  steam 
engine  the  proper  prime  mover.  Another  factor  which  retarded  the 
introduction  of  the  oil  engine  was  the  high  initial  cost.  The  price 
of  high  grade  oil  engines  has  been  higher  than  that  of  steam  plants 
with  Corliss  engines  and  low  first  cost  is  the  main  consideration 
for  many  refrigerating  plants.  Conditions  have  changed.  Steam 
for  heating  purjxises  is  now  used  more  economically.  The  raw 
water  ice  plant  has  been  perfected.  Oil  engines  are  being  built 
better,  cheaper  and  of  higher  economy.  The  cost  of  coal  is  rising, 
whereas  oil  is  cheaper  than  it  has  ever  been  before. 

A short  comparison  will  show  the  superiority  of  the  oil  engine 
over  the  steam  engine.  An  oil  engine  of  an  improved  type  develops 
under  normal  conditions  one  brake  horsepower  hour  with  0.45 
pounds  of  oil,  which  at  19,000  British  thermal  units  per  pound 
equals  8,500  British  thermal  units.  This  represents  a brake  horse- 
power thermal  efficiency  of  30  per  cent.  The  best  compound  con- 
densing, poppet  valve,  steam  engine  operated  on  a pressure  of  150 
pounds,  with  100  degrees  superheat  and  high  vacuum,  will  pro- 
duce an  indicated  horsepower  hour  on  12  pounds  of  steam.  boiler 
under  such  conditions  will  evaporate  8 pounds  of  water  per  pound 
of  coal.  The  coal  consunqition  per  indicated  horsepower  hour  is 
therefore  1.5  pounds  and  per  brake  horsepower  hour  about  1.66 
pounds,  which  at  13.000  British  thermal  units  per  pound  represents 
21,500  British  thermal  units  or  12  per  cent  thermal  efficiency.  The 
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tlicrmal  efficiency  of  the  oil  engine  is,  therefore,  2]/2  times  that  of  the 
steam  engine. 

The  desirability  of  installing  a certain  kind  of  engine,  however, 
cannot  be  determined  by  thermal  efficiency  alone.  Such  other  factors 
as  relative  cost  of  installation,  cost  of  different  fuels,  etc.,  must  also 
be  considered.  It  is,  nevertheless,  interesting  to  see  that  the  actual 
thermal  efficiency  of  the  oil  engine  is  very  close  to  the  theoretical 
maximum  efficiency  of  the  steam  jdant. 

Oil  engines  used  in  refrigerating  plants  are  of  the  single-acting 
type  and  have  capacities  up  to  about  300  horsepower,  d'hey  may 
be  divided  into  four  clas.ses : 

1.  High  compression  or  Diesel  type  engines.  (L’sing  air 
injection. ) 

2.  Medium  compression  engines.  ( L’.sing  air  injection.) 

3.  I'our-cycle  low-compression  engines.  ( Using  pump  in- 
jection.) 

4.  Two-cycle  crank-case  scavenging  and  one-to-one  scavenging 
engines.  (Using  pump  injection  with  water.) 

The  working  process  of  the  Diesel  engines  is  as  follows:  A 
charge  of  air  is  drawn  into  the  cylinder  on  the  suction  stroke  and 
is  compressed  in  the  working  cylinder  to  from  500  to  600  ])ounds. 
The  temperature  of  the  air  is  thus  raised  above  the  ignition  point  of 
the  fuel  oil  by  compression.  .-\  few  degrees  before  the  end  of  the  com- 
pression stroke  oil  is  injected  by  means  of  air  under  from  1,000 
to  1,200  pounds  pres.sure  per  square  inch,  igniting  as  it  enters  the 
cylinder.  The  oil  is  admitted  gradually,  with  the  object  of  prevent- 
ing a rise  in  pressure  as  the  piston  moves  forward.  On  the  com- 
pletion of  about  8 per  cent  of  the  stroke  the  sj>ray  valve  clo.ses,  the 
combustion  ceases,  and  the  high  temperature  charge  expands  doing 
work  on  the  piston  until  the  end  of  the  stroke  is  reached.  .\t  the  end 
of  the  stroke  the  exhaust  valve  opens,  the  pressure  drops  and  the 
piston  returns,  sweej)ing  out  the  burned  charge.  It  is  the  tendency  to 
so  control  the  fuel  injection  that  the  combustion  will  take  place  at 
constant  pressure.  The  indicator  card,  I'ig.  i,  would  then  be  flat 
on  top  to  the  point  where  the  e.xj^ansion  curve  begins,  and  for  this 
reason  the  Diesel  is  sometimes  called  an  equal  pressure  engine.  This 
expression,  however,  is  not  quite  accurate,  for  in  practice  there  is 
always  a rise  in  pressure  of  from  100  to  150  pounds  on  account  of 
the  difficulty  of  regulating  the  injection  perfectly  and.  obtaining  good 
combustion.  Diesel  engines  are  nearly  all  of  the  four-cycle  type, 
which  experience  has  proved  to  be  the  better.  The  two-cycle  type 
involves  greater  difficulties,  due  to  the  higher  temperatures  to  which 
the  cylimlers  and  heads  are  subjected,  on  account  of  there  being 
double  the  number  of  ignitions  per  minute.  At  the  .same  time,  the 
two-cycle  principle  does  not  simplify  the  design  nor  decrease  the  cost 
materially.  Scavenging  air  in  excess  of  the  ])iston  displacement  is 
necessary,  demanding  an  expensive  separate  scavenging  pump,  and 
even  under  the  best  conditions  the  mean  effective  pressure  is  greatly 
reduced. 

Diesel  engines  are  built  both  vertically  and  horizontally.  The 
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Medium-compression  type. 


Four-cycle,  iow-compression 
type  (HA). 


Four-cvcle,  low-compression 
type  (1)H). 


Two-cycle,  pump-injection  type. 


Fig.  I. — Indicator  cards  for  different  types  of  oil  engines. 
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vertical  type  makes  the  design  of  multiple-cylinder  engines  easier 
.and  requires  less  floor  space ; while  the  attendance  factor  becomes 
simpler  with  the  horizontal  construction.  Both  types  are  equally 
reliable  and  economical,  the  selection  of  one  or  the  other  being  a 
matter  of  taste  and  of  local  conditions.  The  starting  of  a Diesel 
engine  is  generally  effected  by  compressed  air  of  at  least  i,ooo 
pounds  pressure  per  sijuare  inch,  the  high  pressure  being  needed  to 
inject  the  fuel  and  to  compress  the  first  charge  of  air  to  the  pres- 
sure needed  for  ignition.  If,  however,  a sufficient  quantity  of  air 
is  available  to  bring  the  engine  up  to  a high  speed,  a pressure  of 
200  pounds  per  square  inch  may  be  sufficient.  In  such  case  the 
compression  is  relieved  until  the  speed  is  sufficient  to  carry  the 
crank  over  against  full  compression.  The  mean  effective  pressure 
on  a brake  horsepower  basis  is  about  70  pounds  per  square  inch. 

Fig.  2 shows  a vertical  Diesel  engine  as  built  by  the  Busch- 
Sulzer  Bros.-Diesel  Engine  Company  in  St.  Louis,  the  oldest  manu- 
facturers of  Diesel  engines  in  the  United  States  and  the  original 
owners  of  the  Diesel  patents.  Other  manufacturers  of  vertical 
Diesel  engines  in  this  country  are  the  Fulton  Iron  Works,  St.  Louis, 
Mo.;  McIntosh  & Seymour,  Auburn,  N.  Y. ; Lyons  Atlas  Company, 
Indianapolis,  Ind. ; the  Dow  Pump  & Diesel  Engine  Company,  San 
Francisco,  Cal.,  and  the  New  London  Ship  & Engine  Company, 
Groton,  Conn.,  which  makes  a specialty  of  engines  for  marine  pur- 
poses. The  General  Electric  Company  has  also  built  several  high 
speed  Diesel  engines  for  direct  connection  to  generators.  Horizontal 
Diesel  engines  as  shown  in  Fig  3 are  built  by  the  Allis-Chalmers 
Company,  Milwaukee,  Wis.,  and  the  Snow  Steam  Pump  Company, 
Ruflfalo,  N.  Y.  The  Xordberg  Manufacturing  Company  also  builds 
a two-cycle  one-to-one  scavenging  high-compression  engine,  which, 
however,  does  not  employ  air  for  the  injection  of  the  fuel. 

The  medium-pressure  oil  engine  compresses  the  air  charge  to 
from  250  to  300  pounds  per  square  inch,  which  is  not  sufficient  to 
ignite  the  infected  fuel.  Ignition  is  effected  by  a hot  surface  in  the 
cylinder  head  against  which  the  fuel  is  sprayed,  the  pressure  rising 
to  from  400  to  500  pounds  per  square  inch.  These  engines  are  of 
the  constant  volume  type,  in  which  combustion  takes  place  at  ap- 
proximately constant  volume.  Indicator  cards  from  these  engines 
are  therefore  similar  to  those  of  gasoline  or  gas  engines  and,  in  fact, 
almost  identical  in  form  to  steam-engine  cards  with  very  early  cut- 
offs, The  mean  effective  pressure  is  64  pounds  per  square  inch  on 
the  basis  of  brake  horsepower.  Constant  volume  combustion  is  the 
most  economical,  and  for  that  reason  this  type  of  engine  is  as 
efficient  as  the  Diesel  engine,  although  the  compression  is  only 
about  half  as  severe.  Before  this  type  of  engine  can  be  started,  the 
ignition  plate  must  be  heated  by  an  oil  or  gas  torch,  which  will 
require  from  ij[/2  to  15  minutes,  according  to  the  efficiency  of  the 
torch.  .A.S  the  engine  does  not  depend  on  the  heat  of  compression 
for  ignition,  the  compression  is  reduced  during  starting,  so  that  air 
pressure  of  from  100  to  150  pounds  is  quite  sufficient.  Fig.  4 is  a 
horizontal  engine  of  the  medium-compression  type,  built  by  the 
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Fig.  3. — Allis-Chalmers  Horizontal  Diesel  Engine. 


De  La  X'crgne  Machine  Company  of  Xew  York  and  known  as  the 
type  “FH.” 

Diesel  and  medium-compression  engines  burn  all  commercial 
oils  obtainable  in  the  United  States.  Very  heavy  oils,  however,  with 
a high  point  of  ignition,  cause  more  difficulty  in  Diesel  engines  than 
in  medium-compression  engines,  because  the  hot  vaporizes  of  the 
latter  insures  the  ignition  under  all  circumstances.  The  oil  consump- 
tion per  brake  horsepower  is  about  0.45  pounds  at  full  load,  0.46  at 
three-cjuarters  load,  0.52  at  one-half  load,  0.7  at  cne-quarter  load 
and  about  9 pounds  per  hour  for  a lOO-horsepower  engine  at  no  load. 
At  10  per  cent  overload  the  consumption  is  approximately  0.5  pounds 
per  brake  horsepower  hour.  Fig.  5 shows  the  oil  consumption  at 
different  loads.  It  will  be  noted  that  the  curve  is  very  flat,  showing 
the  small  change  in  economy  at  the  various  horsepowers.  This 
illustrates  one  great  advantage  of  the  oil  engine  over  other  prime 
movers. 

Four-cycle,  low-compression  oil  engines  work  with  compressions 
of  from  60  to  180  pounds  per  square  inch.  They  inject  and  spray 
the  fuel  mechanically  into  the  combustion  chamber,  where  it  is 
ignited  by  means  of  a hot  surface.  An  early  type  of  four-cycle, 
low-compression  oil  engine  is  the  Hornsby  Akroyd  or  De  La  V'ergne 
type  “HA,”  as  shown  in  Fig.  6.  The  compression  in  this  engine  is 
only  60  pounds  and  the  maximum  pressure  180  pounds  per  square 
inch.  The  mean  effective  pressure  is  also  low — about  90  pounds 
per  square  inch  on  a brake  horsepower  basis.  The  oil  consumption  is 
about  0.9  pounds  per  brake  horsepower  hour  at  from  three-quarters 
to  full  load.  This  engine  will  not  burn  every  commercial  oil  available. 
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Fig.  4. — De  La  Vergne  type  "FH”  medium-compression  engine. 


Digitized  by  Google 


28 


THE  Oil-  ENGINE  FOR  ICE  I’LANT  SERVICE 


but  requires  a fuel  of  which  a large  per  cent  will  distill  off  at  com- 
paratively low  temperatures.  Usually  all  oils  above  28®  Beaume 
are  suitable  for  the  “HA"  engine,  although  some  heavier  oils  burn 
with  entire  satisfaction,  and  some  lighter  oils  are  entirely  unsuitable. 
W ith  this  tyj)e  of  engine  it  is  necessary  to  remove  the  vaporizer  cap 
about  once  a week  to  remove  the  carbon  dejiosit.  A more  highly 
developed  four-cycle,  low-compression  engine  is  the  L)e  La  \’’ergne 
type  “DH,"  shown  in  big.  7.  With  this  engine,  the  compression 
pressure  is  about  150  pounds  per  square  inch  and  the  maximum 
pressure  from  280  to  300  pounds  per  square  inch.  The  mean 
effective  pressure  is  ai)proximately  57  pounds  per  scpiare  inch  on. 
a brake  horsejiower  basis.  The  consumption  at  full  load  is  about 
one-half  pound  per  brake  horsepower  hour,  and  at  three-quarters  load 
it  is  about  the  same.  So  far,  this  four-cycle,  pump-injection  engine 
has  worked  satisfactorily  on  every  grade  of  oil  that  it  has  been 
offered  for  use. 

Two-cycle,  pump-injection  engines  are  built  in  two  general 
types:  First,  the  crank-case  scavenging  type,  of  which  the  Mietz  & 
Weiss  engine.  Fig.  8,  is  an  example.  Quite  a number  of  different 
engines  of  this  type  are  manufactured  in  the  Ihiited  States.  The 
Muncie  Oil  Fngine,  the  Remington,  the  \*enn  Severn,  the  Crescent 
and  many  others  are  built  on  this  crank-case  scavenging  design. 
Another  type  of  two-cycle,  pump-injection  engine  is  the  one-to-one 
scavenging  type,  of  which  the  Bessemer  engine,  shown  in  Fig.  9 is 
a good  example. 

Two-cycle,  pump-injection  engines  are  mostly  light  built,  high 
speed  units  and  are  therefore  seldom  used  in  connection  with 
large  refrigerating  installations.  Some  of  this  type  of  engine  will 
oj)erate  on  oils  as  heavy  as  24®  P»eaume,  while  many  of  them  require 
lighter  distillates.  All  of  the  two-cycle,  pump-injection  engines 
employ  water  injection  to  control  cylinder  temperatures,  this  being 
distinctly  characteristic  of  the  two-cycle,  pump-injection  equipment. 

A comparison  of  the  different  types  of  engines  gives  the  fol- 
lowing characteristics : The  high  compression  or  Die.sel  engine  is 
highly  economical  and  well  developed  in  design  and  construction. 
On  account  of  the  high  pressures  and  temperatures,  it  must  be  built 
of  special  material  and  with  first-class  workmanship.  Consequently, 
the  first  cost  is  high,  and  to  avoid  rapid  wear  and  tear  the  attendance 
must  be  of  a high  order.  As  ignition  depends  entirely  on  compression, 
a blowing  ])i.ston  or  a leaky  valve  can  stop  the  engine.  Tf  sufficient 
compressed  air  is  available,  the  engine  can  be  started  immediately, 
which  is  an  advantage  in  some  cases,  such  as  where  the  engine  is 
used  for  fire  service,  for  instance. 

The  medium-compression  engine  .shows  the  same  economy  as 
the  Die.sel  engine,  and  the  first  co.st  is  about  the  same.  The  attend- 
ance should  also  be  high  class,  but  as  the  ignition  is  caused  by  a hot 
surface  and  not  by  compression,  and  as  the  compression  and  average 
pressures  are  considerably  lower,  the  engine  is  not  so  sensitive  to 
abuse.  That  the  vaporizer  must  be  heated  before  starting  is  a dis- 
advantage compared  with  the  Diesel ; but  in  most  cases  it  is  of  no 
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Fig.  6. — De  La  Vergne  type  “HA”  oil  engine. 


Fig.  7. — De  La  Vergne  type  “DH"  oil  engine 
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Fig.  8. — Mietz  & Weiss  two-cycle,  crank-case  scavenging  engine 


Fig.  9. — Bessemer  horizontal,  two-cycle,  one-to-one  .scavenging  engine. 
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consequence,  as  the  heating  can  be  accomplished  while  the  engineer 
prepares  the  engine  for  starting.  The  latest  designed  torches  make 
a two-minute  start  entirely  practicable. 

The  latest  type  of  four-cycle,  low-compression  engine  con- 
sumes 15  per  cent  more  fuel  than  the  Diesel  and  the  medium-com- 
pression engines,  but  they  are  simpler  in  design  and  construction 
and  considerably  cheaper  in  first  cost.  No  high-pressure  air  com- 
pressor for  the  fuel  injection  is  needed,  and  the  low  pressures  and 
temperatures  make  attendance  a much  simpler  matter.  In  many 
cases  engines  of  this  type  are  preferable,  especially  in  sizes  up  to 
150  or  200  horsepower  where  fuel  oil  is  not  expensive,  or  where 
the  engines  run  only  a part  of  the  year. 

Four-cycle,  low-compression  engines  and  two-cycle,  pump- 
injection  engines  up  to  50  horsepower  can  be  started  by  hand, 
whereas  larger  units  require  air  at  about  75  pound.s  per  square  inch 
pressure.  !^Iedium-compression  units  require  a starting  air  pressure 
of  about  100  pounds  per  square  inch.  Diesel  engines  are  usually 
started  on  air  of  1,000  pounds  per  square  inch,  although  by  the  use 
of  large  storage  tanks  it  is  possible  to  start  with  a pressure  of  about 
200  pounds  per  square  inch.  The  air  is  stored  in  one  or  two  tanks 
of  large  enough  capacity  to  start  the  equipment  at  least  three  times, 
the  exact  volume  of  air  depending  on  the  type  of  engine  and  the 
pressure  at  which  it  is  stored.  Oil  engines  are  arranged  to  main- 
tain their  own  supply  of  starting  air,  although  some  means  must 
be  provided  to  obtain  the  charge  independently.  All  oil-engine- 
driven  j)lants  of  above  50  horsepower  capacity  should  be  equipped 
with  a dependable  air  compressor  driven  by  a gas  or  gasoline  engine 
or  electric  motor  for  obtaining  the  starting  air  initially,  or  in  case 
of  emergency.  It  is  a great  mistake  to  install  a compressor  of  too 
small  capacity,  as  this  results  in  a serious  loss  of  time  whenever  it 
is  necessary  to  have  a charge  of  starting  air. 

When  in.stalling  an  oil  engine  to  drive  a refrigerating  machine,  it 
should  be  remembered  that  the  oil  engine  differs  from  the  steam 
engine  in  several  respects.  The  first  and  most  important  difference 
is  the  impossibility  of  overloading  the  oil  engine  appreciably  for 
long  periods.  The  oil  engine  is  the  equivalent  of  the  whole  steam 
plant,  boiler  and  engine  combined.  Overloading  oil  engines  pro- 
duces results  similar  to  forcing  boilers,  but  in  an  aggravated  form, 
because  the  temperature  and  pressures  in  the  oil  engine  cylinder  are 
higher.  A boiler  that  is  forced  for  a considerable  time  shows  ex- 
cessive wear  and  finally  fails.  In  an  oil  engine  running  at  overload, 
the  head,  piston  and  valves  suffer,  entailing  expensive  repairs.  It 
is  therefore  essential  to  select  an  engine  of  such  size  that  no  over- 
loading will  occur  under  the  highest  condenser  pressure  and  back 
pressure.  Ninety  per  cent  of  all  difficulties  with  oil  engines  in  ice- 
plant  service  are  due  to  overloading.  It  should  not  be  understood 
that  an  oil  engine  must  never  be  overloaded.  On  the  contrary,  most 
oil  engines  will  carry  from  20  to  25  per  cent  overload,  and  such 
an  overload  for  an  hour  or  two  will  do  no  damage.  In  an  ice  ])lant, 
however,  if  there  is  any  overload  at  all,  it  will  usually  last  for  days. 
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Another  great  difference  between  the  oil  engine  and  steam 
engine  is  in  the  rotative  speed  at  rated  capacity.  Oil  engines  usually 
run  at  such  a speed  that  the  compressor  cannot  be  directly  coupled, 
but  must  be  connected  through  a belt  or  rope  drive.  The  installation 
of  such  drives  needs  careful  consideration  and  the  losses  of  trans- 
mission are  greater  than  generally  supposed. 

.•\s  the  engines  are  single  acting,  and  mostly  of  the  four-cycle 
type,  their  operation  cannot  be  e.xpected  to  be  quite  as  smooth  and 
regular  as  that  of  steam  engines,  and.  since  both  the  prime  mover  and 
the  compressor  have  uneven  crank  efforts  and  both  have  heavy  fly- 
wheels, the  transmi.'sion  should  be  at  least  twice  as  heavy  as  though 
a steam  engine  were  used,  and  four  times  heavier  than  if  the  torque 
were  uniform.  To  pulleys,  clutches  and  couplings  the  same  rules 
apply:  they  should  be  selected  with  two  to  four  times  the  cajiacity 
listed  by  the  manufacturers,  'fhe  first  cost  will  be  higher,  but  much 
trouble  and  annoyance  will  be  saved.  W ith  a rope  drive  the  grooves 
should  be  deej),  to  avoid  the  possibility  of  the  ropes  jumping  out — 
a pos.sibility  none  too  remote.  Fig.  lo  and  h'ig.  1 1 illustrate  two  oil 
engine-driven  ice  plants. 

On  account  of  the  high  temperatures  during  combustion,  cylinder 
heads  and  liners  must  be  effectively  water  cooled.  It  is,  therefore, 
necessary  to  provide  for  an  uninterrupted  sujiply  of  a sufficient  (juan- 
tity  of  pure,  clean  water.  Failure  of  the  water  supply  or  the  use  of 
dirty  or  hard  water  has  an  effect  similar  to  that  in  a steam  plant.  The 
oil  engine  does  not  explode,  like  a boiler,  when  it  runs  without  water 
or  when  heavy  scale  is  formed,  but  the  cylinder  head  is  liable  to  crack, 
valves  will  leak  and  cylinder  liners  will  wear  out  quickly.  A great 


Fig.  10. — 200-ton  oil  engine  driven  ice  plant. 
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Fig.  ti.— Oil'  engine  driven  ice  plant,  Union  Ice  Company,  Oakland,  Cal. 
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number  of  the  cracked  cylinder  heads  and  worn-out  pistons  that  are 
charged  against  the  manufacturer  are  caused  by  faulty  water  supply. 
Here  is  another  difference  between  steam  plants  and  oil  engines. 
When  a boiler  explodes  there  is  seldom  any  qustion  about  placing  the 
responsibility  to  the  neglect  of  the  engineer,  but  with  oil  engines  it  is 
the  reverse.  Every  breakdown  is  placed  to  the  debit  of  the  engine, 
and  the  manufacturer  is  invited  to  prove  that  the  trouble  was  due  to 
carelessness — a very  difficult  matter  in  many  cases. 

With  an  oil-engine  plant  the  cooling  water  for  the  engine  is 
usually  taken  from  the  condenser  discharge.  But  if  there  is  much 
hardness  in  the  water  a separate  cooling  system  should  be  installed ; 
and  as  the  quantity  of  water  is  not  great,  and  as  it  is  sufficient  to  cool 
the  water  to  from  about  90®  to  100®  F.,  the  cooling  plant  is  small 
and  inexpensive.  The  amount  of  heat  to  be  carried  off  by  the  cooling 
water* is  about  2,500  British  thermal  units  per  brake  horseix)wer 
hour.  When  the  cooling  water  enters  the  engine  at  65®  F.  and  leaves 
it  at  180®  F.  3 gallons  of  water  will  be  required  per  brake  horsepower 
hour  for  Diesel  and  medium  compression  engines.  When  the  water 
is  taken  from  the  condensers  at  a temperature  of  about  90®,  five  gal- 
lons per  brake  horsepower  hour  should  be  provided  for,  while,  with 
a cooling  plant,  from  about  8 to  10  gallons  of  water  should  be  cir- 
culated per  brake  horsepower  hour.  The  evaporation  with  such  a 
cooling  system  is  from  34  to  ^ gallon  per  brake  horsepower  hour, 
so  the  size  of  the  cooling  plant  can  easily  be  determined.  Fig:  12 
shows  a simple  and  inexpensive,  yet  effective  and  suitable  recooling 
plant  for  oil  engines.  If  conditions  allow  it,  rainwater  should  be 
collected  in  the  tank,  as  it  is  free  from  scale-forming  salts.  It 
should  be  borne  in  mind  that  all  the  hardness  introduced  with  the 
make-up  water  is  ultimately  deposited  in  the  cylinder  head  usually 
at  the  places  where  the  most  effective  cooling  is  needed.  In  arid 
regions  where  soft  water  is  not  available  a closed  system  is  some- 
times employed. 

A good  arrangement  of  the  exhaust  piping  is  essential.  The 
exhaust  valve  opens  when  the  pressure  in  the  cylinder  is  from  30  to 
45  pounds ; the  temperature  of  the  gases  immediately  after  leaving 
the  cylinder  is  from  700®  to  900®  F.  and  the  pressure  in  a prop- 
erly arranged  exhaust  pipe  should  not  be  over  about  3 pounds. 
As  the  discharge  is  intermittent  and  the  velocity  of  the  out-flowing 
gases  very  high,  the  exhaust  is  noisy  and  it  is  necessary  to  carefully  • 
provide  means  for  carrying  off  the  gases  and  for  muffling  the  noise. 
In  placing  the  exhaust  piping,  provision  must  be  made  for  consid- 
erable expansion  due  to  the  high  temperature,  and  the  piping  must  be 
kept  away  from  inflammable  material.  It  is  advisable  to  have  that 
part  of  the  exhaust  piping  near  to  the  engine  water  jacketed  and  the 
piping  placed  in  trenches,  to  avoid  overheating  the  room.  The 
piping  may  be  of  steel,  but  in  cases  where  the  oil.  contains  much 
sulphur  and  the  exhaust  piping  is  so  long  that  the  steam  contained 
in  the  exhaust  has  a chance  to  condense,  cast  iron  pipe  should  be 
used.  The  sulphur  dioxide  in  the  exhaust  combines  with  the  water 
of  combu.stion  to  form  sulphuric  acid,  which  destroys  steel  piping 
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Fig.  12. — Precooling  system  for  an  oil  plant. 


sometimes  in  a few  months.  In  most  cases,  however,  steel  piping 
is  sufficient  and  will  last  lo  to  15  years. 

The  end  of  the  exhaust  pipe  should  be  located  so  as  to  be  visible 
from  the  engine  room,  for  the  condition  of  the  exhaust  is  an  index 
of  condition  of  the  engine.  The  exhaust  of  Diesel,  medium  com- 
pression and  type  “DH”  engines  running  in  good  condition  should 
be  clear.  A smoky,  dark  exhaust  gives  warning  that  something  is 
wrong ; either  the  engine  is  overloaded,  the  valves  are  not  tight  or  the 
fuel  injection  is  defective.  In  such  case  the  engine  should  be  shut 
down  as  soon  as  possible  and  the  defect  corrected,  for  if  this  is 
not  done  more  serious  trouble  will  develop  sooner  or  later,  possibly 
months  afterward,  but  the  trouble  will  come  eventually.  If  the 
locality  makes  it  impossible  to  place  the  end  of  the  exhaust  pipe 
visible  to  the  engineer,  a test  cock  should  be  placed  in  the  ex- 
haust pipe,  near  the  engine  at  some  convenient  place,  so  that  the 
engineer  may  open  it  periodically  and  observe  the  color  of  the  ex- 
haust. This,  however,  is  not  as  satisfactory  as  viewing  the  full  dis- 
charge from  the  end  of  the  exhaust  pipe. 

The  noise  of  the  exhaust  can  l>e  muffled  by  placing  a tank  of 
three  to  four  times  the  cylinder  volume  near  the  engine.  The  tank 
should  be  made  of  cast  iron,  because  the  vibration  of  a steel  tank 
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produces  a ringing,  metallic  sound  unless  it  is  coated  with  asbes- 
tos cement  or  other  covering.  In  localities  where  the  exhaust  must 
be  noiseless  a second  muffler  may  be  installed  some  distance  from 
the  first  one.  It  is  necessary  to  provide  each  engine  with  a separate 
exhaust  and,  preferably,  to  provide  a separate  pipe  for  each  cylinder. 
Occasionally  .several  units  of  a plant  have  been  connected  into  one 
big  exhaust  stack ; but  the  results  are  not  satisfactory,  because  inlet 
and  exhaiLst  valves  are  generally  open  simultaneously  for  from  about 
40  to  50°,  so  that  the  charge  of  one  engine  may  be  so  influenced  by 
the  exhaust  of  another  as  to  result  in  a reduction  of  power.  With 
such  an  arrangement  it  is  impossible  to  determine  which  engine  gives 
the  smoky  exhaust. 

About  2,500  British  thermal  units  per  brake  horsepower  hour 
are  lost  in  the  exhaust  gases.  It  is  tempting  to  make  use  of  this  heat 
by  passing  the  gas  through  a steam  boiler,  but,  as  the  temperature 
of  the  gases  is  comparatively  low,  only  alxiut  one-third  of  the  waste 
heat  can  be  utilized  unless  the  boiler  be  made  very  large.  By  using 
discharged  cooling  water  to  feed  the  exhau.st  boiler  about  i pound 
of  steam  can  be  developed  per  brake  horsepower  hour.  In  ice 
plants,  however,  the  cooling  water  is  usually  valuable  for  thawing 
off  the  cans  or  plates.  As  the  production  of  steam  is  dependent 
upon  the  running  of  the  engine  and  upon  its  load,  an  exhaust  boiler 
is  seldom  desirable.  The  complication  and  cost  connected  with  such 
an  installation  in  most  cases  outweighs  the  saving.  It  is  different, 
however,  where  hot  water  can  be  used  instead  of  steam.  By  insert- 
ing a water  heater  in  the  exhaust  line  and  using  the  cooling  water 
from  3 to  4 gallons  per  brake  horsepower  hour  of  water  of  200° 
can  be  made  available.  But,  as  the  cooling  water  of  the  engine 
alone  is  sufficient  for  the  thawing  off  of  the  ice  cans,  such  a boiler 
is  advisable  only  if  hot  water  is  needed  for  other  purposes. 

One  of  the  great  advantages  of  ])lants  driven  by  oil  engines  is 
the  easy,  automatic  manner  in  which  the  fuel  is  handled  and  the 
absence rof  ashes  and  clinkers  and  all  the  troubles  connected  with 
the  dispo.sing  of  .same.  In  arranging  the  fuel  storage  and  supply  it 
is  advisable  to  observe  certain  rules  found  by  experience  or  estab- 
lished by  the  National  Board  of  Fire  Underwriters.  The  next.  Fig. 
13,  shows  a typical  fuel  oil  system.  The  storage  tanks  should  be 
made  of  steel  and  should  be  large  enough  to  hold  one  month’s  fuel 
supply.  If  the  oil  can  be  delivered  in  tank  cars  the  storage  tanks 
should  have  a capacity  of  from  10,000  to  12,000  gallons  each,  and  it 
is  desirable  to  have  two  tanks.  They  should  preferably  be  placed 
underground  for  protection  from  fire,  to  facilitate  filling  and  to  allow 
the  oil  in  the  engine  room  to  drain  back  to  the  tanks. 

Oil  engine  lubrication  should  have  the  same  attention  as  that 
of  a high  speed  steam  engine.  As  in  the  case  of  steam  engines,  oil 
engine  cylinders  require  a different  oil  from  the  bearings,  a high  flash 
point  being  desirable  on  account  of  the  high  temperatures,  and  a 
low  viscosity  being  desirable  in  that  the  piston  may  be  washed  free 
of  carbon  particles.  The  cylinder  oil  should  be  delivered  by  a force 
feed.  Too  much  cylinder  oil  not  only  means  an  unnecessary  waste. 
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Fi^i.  13. — Fuel  oil  storage  system. 
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but  is  actually  harmful,  as  the  superfluous  oil  burns,  forming  carbon, 
resulting  in  excessive  friction  and  cylinder  wear.  Too  little  oil, 
on  the  other  hand,  means  heavy  wear  or  cutting  of  the  cylinder 
and  piston. 

A most  suitable  oil  for  cylinder  lubrication  is  liquid  base  oil, 
which  has  the  following  characteristics : Gravity,  25.8®  Beaume ; 
specific  gravity,  0.899;  flash  point  — 345®  F. ; viscosity  (Saybolt), 
no  at  100®;  cold  test,  — 8®  F.  Liquid  base  oil  is  comparatively 
cheap,  costing  about  25  cents  per  gallon  in  New  York.  Any  good 
engine  oil  may  be  used  for  the  bearings,  “Atlantic  Red”  being  a 
very  satisfactory  lubricant  for  this  purpose.  It  has  the  following 
characteristics : Gravity,  23.8®  Beaume ; specific  gravity.  0.91 1 ; 
viscosity  (Saybolt),  240  at  100®;  flash  point,  385-400®  F. ; cold 
test,  37®  F.  A suitable  engine  oil  can  be  obtained  for  about  18  cents 
per  gallon  in  New  York. 

An  oil  engine  consumes  about  0.75  gallons  of  lubricating  oil 
per  1,000  rated  horsepower  hours,  of  which  about  one-third  is 
cylinder  oil  and  two-thirds  machine  oil.  That  makes  the  cost  for 
the  oil  engine  of  a lOO-ton  ice  plant  at  New  York  about  $1.20  per 
day  of  24  hours. 

By  filtering  the  oil,  about  75  per  cent  of  the  machine  oil  used 
can  be  recovered  and  used  for  lubrication  of  the  bearings,  reducing 
the  cost  to  about  66  cents  per  100  tons  of  ice. 

Fig.  14  shows  the  lubrication  system  adopted  by  the  De  La 
Vergne  Machine  Company,  and  Fig.  15,  the  arrangement  of  the  oil 
reclaimer  used  in  connection  with  this  system.  The  object  of  the 
oil  reclaimer  is  to  remove  the  very  fine  particles  of  carbon  from 
the  oil,  which  experience  shows  cannot  be  separated  by  filtration, 
gravity  settling  or  centrifugal  action. 

It  is  impossible  to  give  strict  rules  for  the  installation  of  oil 
engines  for  ice-making  plants,  because  the  conditions  and  require- 
ments of  all  plants  are  not  alike,  but  for  the  most  plants  the  follow- 
ing recommendations  will  apply : 

1.  Calculate  the  horsepower  required  for  the  compressor  on 
the  following  assumptions:  Back  pressure,  20  pounds;  head  pres- 
sure, 220  pounds;  exponent  of  compression,  1.3;  mechanical  ef- 
ficiency of  compressor,  85  per  cent ; efficiency  of  belt  or  rope  drive, 
85  per  cent.  With  a can  plant  using  raw  water  with  air  agitation 
having  15  cans  per  ton  this  will  represent  about  3^  horsepower  per 
ton  of  ice.  For  the  auxiliaries  the  amount  of  power  required  will 
vary  considerably,  depending  on  the  system  used  and  the  means  of 
transmission,  but  care  should  be  taken  that  the  losses  in  the  generator, 
in  the  electrical  transmission  and  in  the  motors  are  liberally  pro- 
vided for.  From  i to  1)4  horsepower  should  be  sufficient  for  the 
electrically  driven  auxiliaries  of  a can  plant. 

2.  Drive  compressor  and  auxiliaries  from  separate  engines ; 
for  by  so  doing  it  is  possible  to  change  the  speed  of  the  com- 
pressor or  to  shut  it  down  entirely.  If  the  auxiliaries  and  compres- 
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Fig.  14. — De  La  Vergne  lubricating  system. 
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Fig.  15, — De  La  Vergne  oil  reclaimer. 


sor  are  driven  by  the  same  engine,  which  is  sometimes  resorted  to 
to  make  the  cost  of  installation  lower,  the  engine  must  always  run 
to  suit  the  generator  speed  or  the  sjieed  of  the  auxiliaries. 

3.  Install  more  than  one  unit  to  make  the  plant  flexible  and 
provide  against  a total  shutdown  in  case  of  accident.  The  approxi- 
mate costs  of  steam-  and  oil-engine-driven  ice  plants  of  50,  100  and 
200  tons  ice-making  capacity  are  given  in  Table  i.  The  first  cost  of 
the  oil-engine-driven  ice  plant  is  about  10  per  cent  higher  than  for 
a steam-driven  plant.  Table  2 shows  the  cost  of  producing  ice  by 
steam  plants  compared  with  oil-engine-driven  plants.  This  shows 
that  the  cost  is  about  20  per  cent  greater  for  steam  plants  than  for 
oil  engine  equipment. 

Fig.  16  shows  a rope-driven,  lOO-ton  ice-making  unit  compared 
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TABLE  1. 

COMPARISON  OF  IN\^STMENT  BETWEEN  OIL  ENGINE  AND  STEAM-DRIVEN  ICE-MAKING 

PLANTS. 


• 

Oil  E.vgini:  Drive. 

St£am  Plants. 

Capacity  eveiy  24  hours 

50  tons 

100  tons 

200  tons 

50  tons 

100  tons 

200  tons 

Inwiment: 

Oil  engines,  including  rope  drive  and 

foundation 

$14,500 

$25,500- 

: $45,000 

• 

Exhaust  and  water  piping,  oil  storage 

tank,  etc 

1,500 

2,500 

4,500 

Boiler  plant  and  masonry 

3,600 

5,500 

10,000 

Steam,  exhaust  and  water  piping 

1,500 

2,000 

3,000 

Steam  engine  for  direct  connection,  m- 

eluding  foundation 

5,000 

9,500 

15,500 

Compressors,  condensers  and  ammonia 

piping 

5,500 

10,000 

18,000 

5,500 

10,000 

18,000 

Total  cost  compression  side  and 

t ^ 

power  plant 

$21,500 

$38,000 

$67,500 

$15,000 

$27,000 

$46,500 

Freezing  system,  complete 

$14,000 

$27,000 

$50,000 

$14,000 

$27,000 

$5a,ooo 

Ice  storage 

1,000 

1,500 

2,500 

1,000 

1,500 

2,500 

Building  

16,000 

35,0(K) 

60,000 

16,000 

35,000 

60,000 

Property 

5,000 

8,000 

12,000 

5,000 

8,000 

12,000 

Total 

$57,500 

$109,500 

$192,000 

$51,000 

$98,500 

$171,000 

TABLE  2. 

COMPARISON  OF  D.AILY  AND  YEARLY  COST  OF  OPERATION  BETWEEN  OIL  ENGINE  AND 

STEAM  DRIVEN  ICE-MAKING  PLANTS. 

(ANNUAL  LOAD  FACTOR  60%) ^ 


Oil  Engine  Drive. 

Stejtm  Plants. 

Capacity  Every  24  Hours. 

50  tons. 

100  tons. 

200  tons. 

50  ton.?. 

J 

1 100  tons. 

1 

200  tons. 

Daily  Operating  Expense; 

Chief  nginceer 

$5.00 

$6.00 

$7.00 

$4.00 

$5.00 

$6.00 

Assistant  engineers 

3.00 

3. 50 

4.00 

3.00 

3.50 

4.00 

Oilere 

4.00 

4.00 

4.00 

4.00 

Firemen 

4.00 

4.50 

4.50 

Tankmen 

4.00 

8.00 

16.00 

4.00 

8.00 

16.00 

Storchouscnien 

4.00 

4.00 

4 IX) 

4.00 

4.00 

4.00 

Other  labor 

Fuel: 

2.00 

2.00 

Coal  at  $3.50  per  ton 

22.75 

38.50 

77.00 

Oil  at  3}c.  per  gallon 

7.88 

15.  tX) 

30.00 

Ammonia,  oil,  waste,  etc 

6.00 

10.00 

18.00 

6.00 

10.00 

18.00 

Total 

$29.88 

$50.50 

$85.00 

$47.75 

$77.50 

$135.50 

■*  Total  cost  of  operation  j>er  year  on  basis  of  operating  full  capacity  four  months,  and  one-quarter  capacity  fou 
months,  equivalent  to  full  operation  for  216  days  (60%  load  factor). 

Daily  operating  expense  during  ■ 

period  of  full  operation 

All  labor  expense  for  balance  ol 

$6,454.00 

$10,908.00 

$18,360.00 

$10,314.00 

$16,740.00 

$29,268,00 

year 

2,348.00 

3,672.00 

5,328.00 

2,736.00 

4,176.00 

5.832.00 

5%  depreciation  on  cost  of 

mechanical  eqmpment 

1,825.00 

3,325. 00 

6,000.00 

1,500.00 

2,775.00 

4,950.00 

3%  depreciation  on  building . . . 

480.00 

1,050.00 

1,800.00 

480.00 

1,050.00 

1,800.00 

5%  on  total  investment  for  re- 
pairs, taxes,  water  and  inci- 

dentals 

2,875.00 

5,475.00 

• 9.600.00 

2,550  00 

4,925.00 

8,550.00 

Total  annual  expense $13,982. 00 

Number  of  tons  produced  an- 

$24,430.00 

$41,088.00 

$17,570.00 

$29,666.00 

$50,400.00 

nually 10,800  . 

Total  cost  per  ton  of  ice  per 

21,600  . 

43,000 

10,800 

21,600 

43,000 

annum $1.30 

Sa>nng  of  eil  ongine  plants  per 

$1.11 

$0.96 

$1.62 

$1.40 

$1.17 

ton 

..32 

■ .33 

.21 

Yearly  saving  oil  engine  plants.  $3,588.00 

$6,860.00  $9,312.00 
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Fig.  i6. — Comparison  of  rope-driven  compressors  and  direct-connected 
compressors  of  lOo  tons  ice-making  capacity. 

with  a unit  of  the  same  capacity  wherein  the  oil  engine  and  am- 
monia compressor  are  direct  connected.  There  is  no  question  but 
that  a perfect  high  speed  compressor  would  greatly  accelerate  the 
installation  of  oil-engine-driven  ice  plants.  The  following  are  the 
benefits  to  be  derived  from  a direct  connected  unit: 

1.  A saving  of  6o  per  cent  in  floor  space,  resulting  in  a reduced 
cost  of  building. 

2.  A reduction  in  required  horsepower  of  about  15  per  cent, 
due  to  the  elimination  of  the  loss  in  the  transmission  and  the  ex- 
cessive friction  loss  in  the  bearings. 

3.  A saving  in  first  cost  through  elimihating  the  transmission 
equipment. 

4.  Reduced  wear  on  the  main  bearings  of  engine  and  com- 
pressor. 

5.  A lighter  and  cheaper  ammonia  compressor. 
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Fig.  17. — De  La  Vergne  compressor  of  50  tons  ice-making  capacity, 
direct  connected  to  oil  engine. 

6,  A saving  in  fuel  consumption  of  about  15  per  cent. 

7.  A reduced  cost  of  maintenance  on  account  of  the  elimina- 
tion of  the  transmission  equipment. 

As  far  as  I know,  the  only  oil-engine-driven,  direct  connected 
plant  that  has  been  in  operation  for  any  length  of  time  is  the 
Alpine  Ice  Company,  of  Kansas  City,  which  has  been  described  in 
Ice  & Refrigeration.  I understand  the  plant  has  given  satisfaction, 
but  that  since  starting  about  six  months  ago  it  has  been  running 
at  the  comparatively  low  speed  of  125  revolutions  per  minute.  Later 
it  will  probably  be  speeded  up  to  1^170  revolutioiis  per  minute, 
which  is  the  normal  speed  of  the  engine. 

Fig.  17  shows  a 140-horsepower  De  La  Vergne  type  “FH” 
engine  direct  connected  to  a De  La  Vergne  high  speed  compressor 
of  15  X 15-inch  cylinder  dimensions,  and  of  an  ice-making  capacity 
of  50  tons.  The  speed  of  this  unit  is  164  revolutions  per  minute. 

As  soon  as  the  high  speed  ammonia  compressor  has  proven  a 
success  by  a long  period  of  commercial  use.  there  is  no  question 
but  that  it  will  come  into  general  use,  and  that  the  cost  of  an  oil- 
engine-driven unit  will  be  below  that  of  a steam  plant.  Of  greater 
importance  is  the  fact  that  the  entire  cost  of  installation,  including 
the  buildings,  will  be  considerably  less  for  an  oil-engine-driven  plant 
than  for  a steam  plant,  and  there  is  no  better  way  to  stimulate  the 
introduction  of  new  equipment  than  to  make  possible  a saving  in 
initial  expense. 

The  future  of  the  oil-engine-driven  ice  plant  is  assured.  Mis- 
takes have  been  made  in  the  past  and  will  be  made  in  the  future, 
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but  every  month  sees  an  improvement  in  oil  engine  equipment  and 
in  compressor  design,  every  month  sees  a lower  production  cost  for 
both,  and  every  month  shows  an  increased  interest  and  increased 
demand  for  the  direct  connected  oil-engine-driven  ice  plant. 


THE  RATE  OF  HEAT  TRANSFER  IN  DOUBLE-PIPE  BRINE 

COOLERS* 

By  Fred  Ophuls  and  Van  R.  H.  Greene,  New  York,  N.  Y. 

The  determination  of  the  rate  of  heat  transfer  in  double-pipe 
brine  coolers  brings  with  it  the  necessity  of  solving  many  interesting 
and  varied  problems.  It  is  a subject  that  has  not  received  much 
consideration  at  the  hands  of  the  manufacturers  of  this  class  of 
apparatus.  Many  attempts  on  the  part  of  the  De  La  Vergne  Ma- 
chine Company,  of  New  York  City,  to  design  a double-pipe  brine 
cooler  which  would  give  a predetermined  brine  range  for  a given 
suction  pressure  at  the  ice  machine  prompted  them,  in  the  spring  of 
1912,  to  erect  a thirty-five  ton  test  plant,  in  order  to  look  into  this 
and  many  other  allied  subjects.  It  is  due  to  the  courtesy  of  the 
De  La  Vergne  Machine  Company  that  we  are  able  to  submit  for 
your  consideration  the  following  data : 

The  test  plant  consisted  of  an  1 x 20-inch  double-acting,  hori- 
zontal refrigerating  machine,  direct  connected  to  a 20  x 20-inch  Cor- 
liss steam  engine.  The  suction  side  of  the  refrigerating  machine  was 
connected  by  means  of  a 3^-inch  pipe  to  four  standard  double  pipe 
brine  coolers,  each  twelve  pipes  high  and  21  feet  long,  made  of 
2-inch  and  3-inch  pipe.  The  discharge  from  the  ice  machine  was 
connected  both  to  a battery  of  atmospheric  and  ilouble  pipe  am- 
monia condensers,  and  the  liquid  from  the  receiver  was  fed  info  the 
side  of  an  accumulator  connected  to  the  bottom  of  the  brine  coolers, 
so  that  these  coolers  could  be  operated  upon  the  flooded  system. 
The  refrigerating  load  was  produced  by  a secondary  warm  brine 
system  which  passed  in  turn  through  a steam  heater  and  exchangers 
in  closed  circuit,  while  the  main  brine  system  was  pumped,  first 
through  the  heat  exchanger  in  counter  current  flow  to  the  warm 
brine,  and  then  through  the  double  pipe  brine  coolers,  also  forming 
a closed  and  independent  circuit.  » 

By  suitable  cross  connections  at  the  brine  coolers,  the  brine 
could  be  made  to  travel  in  either  parallel  or  counter  current  flow 
with  the  ammonia.  The  arrangement  of  this  apparatus  is  shown 
diagrammatically  in  Fig.  i. 

While  experimenting  with  the  proper  height  of  brine  cooler  to 

*This  paper  is  copyrighted  by  The  American  Society  of  Refrigerating 
Engineers  and  issued  to  the  membership  prior  to  the  meeting  on  Septem- 
ber 23  and  24,  1915,  at  which  it  ziill  be  read,  in  order  that  members  may 
prepare  any  discussion  which  they  may  •uish  to  present.  It  is  issued  in  con- 
fidence and  with  the  understanding  that  the  paper  is  not  to  be  reprinted, 
even  in  abstract,  until  after  it  has  been  read  at  the  meeting,  and  then  only 
on  the  authority  of  the  Publication  Committee.  It  is  subject  to  revision  by 
the  author  and  the  Society. 

The  Society  is  not  responsible  for  statements  or  opinions  advanced  in 
papers  or  in  discussions  at  its  meeting. 


Brme  Circulating  Pump 

Diagrammatic  sketch  of  brine  cooler  test  plant 
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produce  a given  result,  it  did  not  take  long  to  ascertain  that  the 
pressure  required  to  force  brine  through  a double  pipe  brine  cooler 
became  excessive  when  the  number  of  pipes  high  were  increased; 
and  as  this  had  a decided  bearing  upon  the  proper  design  of  a brine 
cooler,  we  have  decided  to  touch  upon  this  subject  in  conjunction 
with  our  regular  topic. 

BRINE  FRICTION 

In  determining  the  pressure  drop  through  these  brine  coolers, 
all  tests  recorded  were  made  with  the  brine  flowing  up  through  the 
coolers,  and  to  obtain  a good  check  on  the  results  tests  were  made 
with  one,  two,  three  and  four  stands  in  parallel.  From  the  brine 
cooler  the  brine  flowed  through  a 2-inch  Venturi  meter,  which  was 
equipped  with  a mercury  manometer  having  a scale  reading  in  gal- 
lons per  minute  for  brine  of  1.2  specific  gravity.  Both  this  meter 
and  the  manometer  were  calibrated  by  the  manufacturers,  the  Build- 
ers Iron  Foundry  Company,  of  Providence,  R.  I.,  and  found  to  be 
correct.  However,  this  record  was  also  checked  by  the  displace- 
ment figures  obtained  by  taking  simultaneous  readings  of  the  stroke 
and  revolutions  of  the  direct-acting  steam  brine  pump. 

To  decrease  to  a minimum  the  fluctuations  in  quantity  of  brine 
flowing  through  the  system,  which  made  diflficult  the  accurate  reading 
of  the  X'enturi  manometer,  due  to  the  changes  in  the  speed  of  the 
brine  pump  during  each  revolution,  an  air  chamber  was  installed 
in  the  discharge  pipe  from  the  pump. 

Simultaneous  readings  were  taken  of  all  instruments  as  soon  as 
the  pump  speed  had  been  adjusted  accurately,  to  the  desired  quan- 
tity of  brine  flowing  through  the  system. 

In  Table  i all  the  readings  and  calculations  required  for  an 
accurate  determination  of  the  pressure  drop  are  given. 

The  higher  gauge  pressures  were  recorded  by  standard  low 
pressure  steam  gauges,  calibrated  before  the  test  was  begun,  and  due 
allowance  was  made  for  the  location  of  the  gauge,  with  respect  to 
the  center  of  the  brine  headers.  The  low  pressures  were  recorded 
by  an  open-end  mercury  manometer  placed  with  the  0°  pressure 
reading  in  the  same  horizontal  plane  with  the  center  line  of  the  brine 
cooler  headers.  In  the  case  of  the  brine  flowing  up  through  the 
coolers,  the  pressures  in  the  lower  brine  header  were  recorded  by 
a calibrated  pressure  gauge,  and  in  the  upper  header  by  a mercury 
manometer.  The  corrections  made  in  the  readings  were  as  follows; 

Pressure  Gauge — Correction  for  calibration  caused  by  location 
of  gauge  in  reference  to  center  of  brine  header. 

Mercury  Gauge — No  corrections  required. 

Pressure  Differences — Correction  for  height  of  cooler.  For  the 
coolers  tested  and  the  specific  gravity  of  the  brine  used,  this  cor- 
rection was  2.59  pounds  ])er  square  inch,  which  amount  had  to  be 
deducted  from  the  pressure  difference  to  obtain  the  net  pressure 
drop  in  the  coolers  for  frictional  resistance  only.  The  friction  head 
in  feet  is  obtained  by  multiplying  the  pressure  in  pounds  per  square 
inch  by  1.95. 

To  obtain  uniformity  in  the  results  for  plotting  the  values  on 
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Table  1.— REvSULTS  OK  TiCvSTS  ON  FRICTION  LOSSES  IN  THE 
2-INCH  PIPE  COIL  OF  A STANDARD  DOUBLE-PIPlv  BRINK 
COOLER.  12  (2-INCH  AND  3-INCH)  PIPES  HIGH.  21  FEET  LONG 
OVERALL. 


Meter 

Gallons 

nute. 

Gauge  No.  1 
Pressures  i.n  Lbs. 
Per  Square  Inch. 

Gauge  No,2 
Pressures  i.n 
Lbs.  Per  Sq.  In. 

Pressure  Differ- 
ence 

i.n  Lbs.  Per  Sq.  In. 

Fric- 

tion 

Head 

IN 

Feet. 

Venturi 
Readings, 
Per  Mi 

As 

Rearl. 

Cor- 

rected. 

As 

Rca<l. 

1 

i Cor- 
' reeled. 

Cor- 
1 reeled 
1 for 

Actual.  Cooler 

Height. 

No.  1 

No.  2 

No. 

No.  4 

i'  No.  ~j 

No.  0 1 No.  7 

No.  8 

Four  Brine  Coolers  in  Parallel — Brine  Up  Through  Coolers, 


272.5 

30 

35 

8.12 

8.12 

20.88 

24,29 

47.3 

262.5 

34 

33.2 

7.31 

7,31 

.24 . 89 

22 . 30 

43.5 

251 

32.0 

31.8 

7 .5 

7 . 5 

24.3 

21.71 

41.2 

241 

31 

30.3 

7.25 

7.25 

22 . 05 

19.40 

37 . 9 

228 

28 

27 . 5 

t) . 75 

() . 75 

20.75 

18  10 

35 . 4 

220 

27.5 

2f) . 8 

t) . 75 

t) . 75 

20.05 

17.40 

34 

210 

2t) 

25 . 3 

t).t)7 

f) . t)7 

18.03 

10.04 

31.23 

201 

24 

23 . 5 

() . 1)7 

0 . 33 

17,17 

14.58 

28. 4 

189 

22 

21.5 

0.25 

0 . 25 

15.25 

12.0<) 

24 . 02 

181.5 

20.25 

19.75 

0.5 

0 . 5 

13.25 

10.00 

20.75 

170 

19.5 

19 

7 

i 

12 

9.41 

18.32 

155 

It) . 5 

It).  2 

5.5 

5 . 5 

10.7 

8.11 

15.8 

139.5 

15 . 37 

15 

() 

t) 

9 

0.41 

12.5 

123 . 5 

14.. 37 
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Table  2.— SUMMARY. 

Gallons  of  Brine  Per  Minute  Pumped  Through  Each  Stand  and 
Corresponding  Friction  Head  in  Feet. 

s"-  Brine  Flowing  Up  Through  Coolers. 


for  four  stand  tests. 


FOR  three  stand  TESTS. 


Gallons  Per  Minute 

Friction  Head 

Gallons  Per  Minute 

Friction  Head 

Per  Stand. 

in  Feet. 

Per  Stand. 

in  Feet. 

68.1 

47.3 

85.7 

62.6 

66.8 

43.5  - 

83.8 

60.7 

63.3 

41.2 

79.1 

53.7 

60.3 

37.9 

75.0 

48.1 

57.0 

35.4 

70.5 

43.1 

55.0 

34.0 

67.0 

39.0 

52.5 

31.2 

61.7 

37.1 

50.3 

28.4 

54.8 

26.9 

47.3 

24.6 

50.0 

22.7 

45.4 

20.8 

43.7 

16.6 

42.5 

18.3 

36.7 

11.8 

38.8 

15.8 

33.7 

10.5 

34.9 

12.5 

30.9 

10.6 

25.0 

6.2 

for  two  stand  tests. 

FOR  ONE  STAND  TESTS. 

Gallons  Per  Minute 

Friction  Head 

Gallons  Per  Minute 

Friction  Head 

Per  Stand. 

in  Feet. 

Per  Stand. 

in  Feet. 

100.0 

80.3 

120.0 

107.0 

95.2 

72.3 

113.0 

92.1 

90.0 

63.6 

101.0 

76.2 

84.7 

56.8 

90.0 

53.5 

80.0 

52.2 

70.0 

41.4 

60.7 

33.6 

49.5 

18.8 

45.0 

15.8 

co-ordinate  paper,  the  amount  of  brine  in  gallons  per  minute,  per. 
brine  cooler  section,  and  the  corresponding  friction  head  in  feet,  are  „ 
summarized  in  Table  2.  These  values  are  plotted  on  logarithmic 
cross  section  paper,  Plate  i,  and  the  heavy  line  at  an  angle  of  60° 
to  the  horizontal  is  the  mean  curve  through  all  the  points  plotted. 
On  Plate  2 will  be  found  the  same  points  and  curve  plotted  on  ordi- 
nary cross-section  paper. 

The  equation  of  this  curve  is  ht,  = .01043  (Gb)“,  where  /ib  = the 
friction  head  in  feet  for  brine  of  1.888  specific  gravity.  Go  = gallons 
of  brine  per  minute  pumped  through  the  cooler. 

This  formula,  obtained  from  the  foregoing  tables;  is  applicable 
only  to  the  coolers  tested,  and  to  make  the  results  of  these  tests  ap- 
plicable to  determine  the  resistance  to  the  flow  of  li(iuids  through 
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Plate  I. — Pressure  required  to  force  brine  through  the  2-\v\. 
pipe  coil  of  a standard  double-pipe  brine  cooler.  Twelve 
2-in.  and  3-in.  pipes  high  and  21  ft.  long  overall. 
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G„  . Gallons  of  Brine  per  Minute  per  Brine  Cooler  Section 

Plate  II. — Pressure  required  to  force  brine  through  the  2-in.  pipe  coil  of 
a standar  double-pipe  brine  cooler.  Twelve  2-in.  and  3-in.  pipes  high  and 
21  feet  long  overall. 


pipe  coils  of  similar  construction,  a new  constant  was  found  for 
Arthur  J.  Martins’  formula, 


(Equation  i) 


P 


7,000  D d® 


In  this  formula,  p = the  friction  loss  in  pounds  per  square 
inch,  ze'  = pounds  of  liquid  flowing  through  the  pipe  per  minute. 
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d = inside  diameter  of  pipe  in  inches,  D = density  of  fluid  in  pounds 
per  cubic  foot,  and  L = length  of  pipe  in  feet. 

If  we  let  / = the  friction  head  in  feet  and  Q — gallons  of  fluid 
pumped  per  minute,  Martins’  equation  can  be  written 


Q 


(Equation  2) 


Equation  2 can  be  used  for  any  fluid  in  straight  lengths  of  pipe. 

To  convert  this  formula  for  use  in  connection  with  flat  pipe 
coils,  let  us  take  one  point  in  the  curve  on  Plate  i.  That  is,  for  60.7 
gallons  of  brine  circulated  per  minute,  a net  pressure  drop  of  17.2 
pounds  is  obtained,  and  this  is  equivalent  to  a friction  head  of  33.6 
feet.  As  previously  advised,  these  figures  are  for  a flat  pipe  coil 
containing  240  feet  of  2-inch  pipe  (a  single  brine  cooler  being  12 
pipes  high  and  20  feet  long)  together  with  1 1 return  bends,  having 
each  a mean  total  length  of  10.63  inches  or  a total  of  250  feet  of 
2-inch  pipe  per  cooler.  The  inside  diameter,  d,  of  a 2-inch  pipe  is 
2.067  inches,  and  by  substituting  these  values  in  Equation  2 we  find 
that 


I 33-6  X(  2.067  P 
60.7  = A I 

By  solving  this  equation  we  find  that  A is  equal  to  51.4,  and  the  new 
formula  will  then  read 


Q = 


(Equation  3) 


The  average  amount  of  slip  found  for  the  duplex  direct-acting 
steam  pump  by  comparison  with  the  Venturi  manometer  readings 
was  3.5  per  cent,  confirming  the  correctness  of  the  readings  of  this 
instrument  as  used  in  the  following  calculations,  and  deductions  in 
connection  with  the  heat  transfer  in  these  brine  coolers. 


1IF..\T  TRANSFK:R  I.N  GENER.AL 

The  determination  of  the  laws  governing  heat  transfer  is  very 
difficult  on  account  of  the  many  variables  that  enter  into  the  problem. 
All  kinds  of  fluids  are  used  in  many  combinations  to  obtain  cooling 
or  heating.  The  simpler  problems  are  encountered  when  the  heat 
exchange  is  carried  on  between  the  so-called  permanent  gases  or 
between  liquids  or  from  a permanent  gas  to  a liquid  or  vice  versa. 
The  change  of  volume  for  permanent  gases  or  liquids  when  heated 
or  cooled  through  moderate  ranges  of  temperature  is  very  .small  and 
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has  little  if  any  bearing  on  the  subject  of  heat  transfer.  For  such 
problems  a general  formula  has  been  found  that  is  applicable  in  most 
cases.  This  formula  is: 

k = a V V.  (Equation  4) 

k is  the  heat  transfer  coefficient  or  the  rate  of  heat  transfer  in 
B.  t.  u.  per  square  foot  of  effective  cooling  or  healing  surface  per 
hour  per  i®  F.  mean  temperature  difference, 

a is  a constant  varying  to  some  extent  with  the  fluids  used. 

V is  the  mean  relative  velocity  of  the  fluids  in  feet  per  second. 
That  the  heat  transfer  coefficient  should  increase  with  an  increase 
in  the  speed  of  flow  of  either  one  or  both  of  the  fluids  can  be  well 
understood  when  one  considers  a plain  surface  maintained  at  a con- 
stant temperature  by  any  source  of  heat  over  which  flows  a stream 
of  colder  water.  The  water  will  be  heated  and  the  water  near,  or  in 
contact  with,  the  heated  surface  will  be  heated  more  quickly  than  the 
water  farther  away  from  the  surface.  So  that  at  any  one  point  of 
the  surface  and  in  a direction  perpendicular  away  from  it,  the 
water  will  be  less  in  temperature  the  farther  it  is  away  from  the 
heated  surface.  If  the  speed  of  flow  of  the  water  over  the  heated 
surface  is  increased  it  follows  that  the  decrease  in  the  temperature 
of  the  water  at  any  one  point  away  from  the  surface,  and  in  a direc- 
tion perpendicular  to  it,  is  greater,  and  therefore  the  transfer  of 
heat  greater  than  in  the  former  case.  For  flat  streams  of  the  fluid 
the  increase  in  the  rate  of  heat  flow  will  be  greater  than  for  streams 
of  circular  section.  Equation  4 was  primarily  determined  from  the 
exchange  of  heat  between  condensing  steam  in  closed,  trapped  pipe 
coils  and  air  flowing  either  parallel  to  or  across  the  coils.  In  this  ca.se 
the  velocity  of  the  air  alone  effected  the  value  of  k,  because  the  in- 
crease in  the  flow  of  the  steam  in  the  trapped  pipe  coil,  for  an  increase 
in  the  amount  of  heat  exchanged  between  the  steam  and  the  air  was 
not  sufficient  to  nffect  the  value  oi  k.  If  the  steam  liad  been  flowing 
through  the  coil  at  largely  varying  speeds,  so  that  not  only  condensed 
steam  but  also  vapor  flowed  from  the  di.scharge  end  of  the  coil,  the 
rate  of  heat  transfer  would  have  been  materiallv  affected  bv  the 

^ m' 

speed  of  the  steam  in  the  coil  as  well  as  by  the  speed  of  the  air 
along  or  across  the  coil.  In  that  case  the  form  of  equation  (4) 
would  either  have  to  be  changed  or  else  a value  for  v found  that 
properly  took  into  consideration  the  speed  of  both  fluids  and  their 
effect  on  the  rate  of  heat  flow. 

The  problem  is  further  complicated  by  the  condition  of  the  cool- 
ing or  heating  surface,  whether  smooth  or  rough,  or  shaped  in  some 
way  as  to  mix  the  fluid  passing  over  it.  The  more  violent  the  mix- 
ing action  the  greater  will  be  the  rate  at  which  the  heat  is  trans- 
ferred, irrespective  of  the  mean  temperature  difference. 

When  one  of  the  fluids  is  a vapor  which  is  being  condensed  or 
a liquid  being  evaporated,  the  determination  of  the  law  of  heat 
transfer  becomes  still  more  difficult.  The  rea.son  is  that  for  a con- 
densing vapor  the  speed  of  flow  decreases  and  for  an  evaporating 
liquid  the  speed  of  flow  of  the  vapor  formed  increases  rapidly,  espc- 
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cially  if  the  change  of  state  is  carried  on  in  a pipe  coil  of  uniform 
cross-section.  Phis  decrease  and  increase,  respectively,  of  the  vapor 
speed  tend  to  effect  the  rate  of  heat  transfer  in  the  former  case,  as 
any  speed  change  that  will  tend  to  remove  the  condensed  vapor  more 
quickly  from  the  cooling  surface  will  materially  increase  the  value 
o{  k,  irrespective  of  the  condensing  fluid,  while  in  the  latter  case 
any  speed  change  that  will  result  in  a better  wetting  of  the  heating 
surface  will  have  the  same  effect  on  the  value  of  k.  The  double- 
pipe brine  coolers  on  which  the  tests  were  made  that  form  the  sub- 
ject of  this  paper  are  of  the  latter  type  of  heat  interchangers. 

THE  R.\TE  OF  HEAT  TRANSFER  IN  IX)OBLE-PIPE  HKINE  COOLERS 

In  order  to  accurately  determine  the  heat  transfer,  thermometers 
were  inserted  in  each  one  of  the  return  bends  at  the  rear  end  of  the 
brine  coolers,  as  well  as  in  the  annular  space  wherein  the  ammonia 
traveled.  These  readings  enabled  us  to  determine  l:ow  much  work 
was  being  done  in  each  pipe,  and  showed  us  at  once  whether  the 
gas  was  saturated  throughout  the  cooler  length  or  was  being  super- 
heated in  the  upper  sections. 

The  apparatus  used„  except  the  refrigerating  machine,  its  ap- 
purtenances and  the  brine  heating  system,  is  shown  diagrammatic- 
ally  in  Fig.  I and  is  briefly  described  in  the  introduction. 

Table  3 gives  the  average  readings  for  all  the  tests  made  to  de- 
termine the  rate  of  heat  transfer  in  double-pipe  biine  coolers,  and 
in  column  20  the  total  tonnage  developed  in  each  case.  In  Table  4 
will  be  found,  column  25,  the  average  mean  value  of  k for  each  of 
the  tests  made.  For  determining  k the  following  equation  was  used : 

II  = 3*  k tii  . (Equation  5) 

II  is  the  amount  of  heat  removed  by  the  evaporation  of  liquid 
ammonia  in  the  brine  coolers,  P>.  t.  u.  per  hour  per  brine  cooler 
section. 

vS",  the  effective  cooling  surface  in  each  cooler  section  = 149.2 
square  feet. 

t,i  is  the  logarithmic  mean  temperature  difference  between  the 
brine  and  the  ammonia  in  the  cooler,  degrees  F. 

k is  the  mean  value  of  the  heat  transfer  coefficient,  in  B.  t.  u.  per 
stjuare  foot  per  hour  per  1°  F,  mean  temj>erature  difference. 

In  finding  the  true  mean  temperature  difference  between  the 
brine  and  the  liijuid  ammonia  in  the  coolers,  due  consideration  was 
given  to  the  difference  between  the  pressure  in  the  suction  pipe  at 
the  refrigerating  machine  and  that  existing  at  the  liquid  inlet  to  and 
the  vapor  discharge  end  of  the  coolers  and  the  necessary  corrections 
made.  The  temperatures  given  in  column  22,  Table  4,  are  the  mean 
temperatures  of  the  evaporating  liquid  in  the  coolers. 

Before  attempting  to  .use  the  values  of  k found  to  get  some  idea 
of  the  manner  in  which  itj changes  with  varying  conditions  of  opera- 


THE  RATE  OF  HEAT  TRANSFER  IN  DOUBLE- PI  PE  BRINE  COOLERS 


57 


Table  4. 

DETERMINATION  OF  THE  MEAN  HEAT  TRANSFER  COEFFICIENT  AND  THE 
SPEED  OF  THE  HRJNE  IN  THE  COOLERS 


No.  of 
Test. 

2 

Heat 

Removed  in 
Brine  Coolers 
B.t.u.  per 
Hour. 

21 

Mean.Temp. 
Temp,  of 
Liquid 
Ammonia 
i n Coolers, 
°F. 

' 22 

/.I 

Logarithmic 

Mean 

Temp.  Dill. 
Between 
Brine  and 
Ammonia. 
“F. 

23 

H 

’ Heat 

Removed  per 
Brine  Cooler 
Section 
B.t.u.  per 
Hour. 

24 

k 

Heat 
Transfer 
Coefficient 
B.t.u.  per  sq. 
Foot  per 
Hour  per 
1 “F. 

25 

ft,. 

Velocity  of 
Brine 
Through 
Coolers,  fee 
per  Second. 

26 

204 

227,760 

10.8 

11.44 

113,880 

66.7 

4.78 

205 

237,120 

9.3 

13.51 

118.5(50 

58.8 

4.78 

210 

200,160 

3.9 

14.50 

100,080 

46.3 

4.78 

221 

194,880 

5.7 

9.96 

97,440 

66.1 

4.78 

212 

196.080 

5.8 

9.69 

98.040 

67.8 

4.78 

601 

271,680 

8.7 

14.08 

90,560 

43.1 

4.78 

G02 

303,840 

10.2 

11.42 

75,960 

44.6 

3 . 58 

603 

310,200 

3.9 

12.94 

77,550 

40.1 

3.-58 

.501 

273,240 

2.0 

9.09 

68.310 

50.3 

3.. 58 

.502 

254,160 

5.7 

5.80 

63.540 

73.4 

3.58 

.503 

283,440 

2.4 

7.46 

70,860 

63.(5 

4.31 

504 

269,880 

1.9 

8.0-1 

67,470 

56.2 

2 . 99 

505 

379,320 

10.7 

16.50 

94,830 

38.0 

2.39 

604 

421,320 

12.8 

20.70 

105,330 

34.1 

2.39 

506 

390,840 

12.7 

13.72 

97,710 

47.7 

6.22 

507 

394,440 

12.2 

18.80 

93,610 

33.4 

6.22 

.508 

353,960 

17.8 

13.34 

88.490 

44.4 

(5.22 

.509 

308,880 

8.9 

14.34 

77.220 

36. 1 

5.98 

510 

38.5.560 

9.6 

13.47 

96,390 

48.0 

5.98 

511 

37.5,91)0 

11.3 

14 . 37 

93,990 

43.8 

5.98 

301 

270,000 

2.8 

7.45 

67,500 

60.7 

4.19 

302 

215,400 

4.9 

9.92 

71,800 

48.5 

5.74 

303 

217,280 

2.0 

8.45 

72.427 

57.4  • 

5.74 

605 

2S8.6(M) 

0 , 5 

15.53 

96.200 

41.5 

5. 74 

512 

277,680 

0.1 

24.00 

92,5(50 

25.8 

5 . 74 

606 

296,400 

1.8 

16. 1 

74.100 

30.8 

4.31 

.513 

.309,360 

1.4 

11.32 

77.340 

45.8 

4.31 

515 

327,960 

—1.7 

13.82 

81,990 

.39.8 

4.31 

516 

333,240 

0.5 

13.  (iO 

83,310 

41.0 

4.31 

408 

228.6(H) 

2.6 

11.28 

76.200 

45.2 

4. 14 

403 

226,080 

4.3 

12.67 

113,040 

59.9 

6.22 

409 

177,840 

0.3 

12.20 

88,920 

48.8 

6.22 

404 

222,240 

0.1 

■ 9.73 

74,080 

51.0 

4.14 

406 

256,680 

1.2 

9.41 

85,560 

60.9 

4.14 

304 

227,160 

0.0 

9.69 

75,720 

52 .4 

4.14 

407 

284,. 520 

— 1.2 

10.17 

94,840 

62.0 

4.14 

405 

276.600 

—0.7 

9.92 

92,200 

(52 . 2 

4.14 

410 

286,320 

— 1.6 

10.34 

95.440 

(51  .8 

4.14 

305 

277,800 

—0.15 

9 . 39 

92,(5(H) 

66.0 

4.14 

607 

478.320 

6.7 

25.00 

159,440 

42.8 

4.14 

tion  or  various  combinations  of  coolers,  it  was  necessary  to  investi- 
gate the  probable  accuracy  of  the  values  found. 

Three  important  points  necessarily  enter  into  this  consideration, 
and  they  are:  Duration  of  Test,  Tonnage  per  Stand  and  Quality  of 
the  Ammonia  Vapor  at  the  discharge  from  the  brine  coolers,  by 
which  we  mean  whether  the  gas  was  Saturated  or  Superheated.  Dis- 
crepancies in  one  or  more  of  these  three  points  forced  us  to  elimi- 
nate the  following  test  runs:  6oi,  603,  505,  604,  507,  509,  301,  302, 
605,  512,  606,  515,  607. 

The  usual  method  einjiloyed  in  determining  the  law  of  the 
change  in  the  rate  of  heat  transfer  in  double-pipe  brine  cooilers  is  to 
compare  the  brine  velocity  alone  with  the  heat  transfer  coefficient. 
The  fallacy  of  this  method  is  shown  by  the  accompanying  Plate  3, 
from  which  you.  can  observe  how  impossible  it  is  to  locate  any 
definite  clrve  through  the  points  plotted. 
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30  40  50  60  7C 

speed  of  Brine  in  Coolers,  v^,,  Feet  per  second. 

Plate  III. — Heat  transfer  coefficient  compared  to  speed  of  brine  in  cooler. 


It  is  a well-known  fact,  as  before  stated,  that  the  velocity  of 
flow  of  fluids  when  either  being  liquefied  or  vaporized  seems  to 
effect  the  rate  of  heat  transfer,  so  it  occurred  to  us  to  plot  the  rate 
of  heat  transfer  against  the  speed  of  the  arnmonia  vapor  at  the  dis- 
charge end  from  the  brine  coolers  instead  of  the  speed  of  the  brine. 

In  Table  5 the  method  of  determining  the  speed  of  the  ammonia 
vapor  discharging  from  the  annular  space  between  the  3-inch  and 
2-inch  pipes  of  the  brine  coolers  will  be  found.  This  speed,  Va,  is 
given  in  column  33.  Plate  5 shows  the  plot  of  against  the  respec- 
tive values  of  k.  The  points  obtained,  while  showing  an  improve- 
ment over  those  obtained  on  Plate  3,  do  not  show  a sufficient  tend- 
ency to  gather  about  a curve  of  the  general  form  k = a^/v  to  allow 
of  forming  any  conclusions  from  this  plot. 
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Plate  IV. — Temperature  increase  of  brine  in  cooler  as  ammonia  vapor  passes 

through  cooler. 


z'a  is  the  final  speed  of  the  ammonia  vapor  in  the.  coolers  and  it 
seems  reasonable  to  assume  that,  if  the  speed  of  the  vapor  forms 
part  of  the  general  equation,  the  mean  speed  of  the  vapor  in  the 
coolers  must  be  found,  or,  better,  that  speed  of  the  vapor  which 
results  in  combination  with  the  brine  speed  tv  in  the  true  mean  value 
of  k as  recorded  in  Table  4,  column  25. 

To  obtain  this  mean  speed  of  the  vapor  the  record  of  the  brine 
temperatures  in  the  rear  end  return  bends  of  the  coolers  is  available. 
As  the  amount  of  brine  circulated  at  any  one  time  in  each  cooler  is 
constant,  the  temperature  increase  of  the  brine  from  the  bottom  pipe 
up  is  proportional  to  the  amount  of  liquid  evaporated  and  therefore 


li.t.u.  per  sq.  {t.  per  hour  per  1®  F.  Mean  Temp.  Diff. 
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Plate  V. — Heat  transfer  coefficient  compared  to  velocity  of  ammonia  vapor 

leaving  cooler. 


to  the  increase  in  vapor  speed.  With  this  in  mind,  the  points  on 
Plate  4 were  plotted  and  the  horizontal  distances . being  the  loga- 
rithms of  the  effective  cooling  surface  passed  over  by  the  vapor  and 
the  vertical  distances  the  logarithms  of  the  brine  temperature  in- 
crease. The  general  direction  of  the  lines  joining  the  points  so 
obtained  can  be  expressed  by  the  formula 

y‘*  = a x;  (Equation  6) 

in  which  y is  the  total  temperature  increase  of  the  brine  or  the 
vapor  speed  in  feet  per  second  for  the  effecting  cooling  surface,  x, 
passed  over;  a is  a constant  giving  the  location  of  the  curve  in  ref- 
erence to  the  A'  and  Y axis.  By  integration  it  is  found  that  the 
arithmetical  mean  speed  of  the  vapor  in  the  annular  space  based  on 
Equation  6 is  0.565  z>a. 

The  values  of  0.565  are  given  in  column  34,  Table  6,  as  well 
as  the  values  of  the  constant  a for  all  the  tests  made.  On  Plate  6 
will  be  found  a plot  of  the  values  0.565  7*,„  column  35,  Table  6, 

against  the  values  of  A’,  column  25,  Table  4.  The  points  of  the  tests 
before  discarded  on  account  of  discrepancies  in  manner  of  oper- 
ating the  coolers  are  left  out  on  this  plate.  The  average  value  of 
the  constant  a was  found  to  be  14.2.  so  that  the  average  curve  for  all 
the  points  .shown  would  have  the  following  equation : . 


k — 14.2  V 0.565  z'n  -j-  v»..  (Equation  7) 

The  results  of  this  plot  are  still  far  from  satisfactory,  for  the 
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TABLE  5. 

CALCULATIONS  TO  DETERMINE  r. 
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•A  .e 

f Vapor 
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1 
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4^ 
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d 

'Z 

eight  of 
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Through 
Cooler, 
per  Minut 

can  Pres 
Coolers, 
per  Squa 
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L>tume  of  S 
Vapor  al 
Cooler  1 
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it 
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2 

27 

28 

29 

30 

31 

32 

33 

204 

3.U 

38.7 

7.21 

7.21 

28.1 

22.8 

205 

4.13 

37  4 

7.45 

7.45 

30 . 8 

25.0 

210 

3 . 35 

32.9 

8.42 

19 . 5* 

8 . 53 

28.0 

23  2 

211 

3.33 

34.3 

S.08 

S.O” 

8.  12 

27.1 

22.0 

212 

3.35 

34  4 

8.00 

7 . 2° 

8.00 

27 . 0 

22 . 0 

<i()l 

3.08 

30 , 8 

7.. 50 

32.7* 

7 . 95 

24.5 

19.9 

602 

2.i'»2 

38  3 

7 . 30 

14  1* 

7 . 3<i 

19.3 

15.7 

00.3 

2 , 0.) 

32.9 

8.42 

20  2* 

8.85 

23.4 

19.0 

501 

2.41 

31.5 

K . 77 

3.0* 

8.79 

21 .2 

17  2 

502 

2. 18 

34 . 3 

8.08 

* • • « 

8.08 

17.0 

14.3 

503 

2 . 40 

31.8 

8 . 95 

• • • • 

8 . 95 

22.0 

17,9 

504 

2.40 

31  4 

8.80 

«... 

8 . 80 

21.1 

17.1 

505 

3.22 

38.0 

7.23 

19.7* 

7 . 3^> 

23.7 

19.3 

004 

3.5H 

40 . 3 

0.900 

33.9* 

7.21 

25.8 

21 .0 

500 

3.38 

40.5 

0.900 

* « • • 

0.91 

23.4 

19.0 

507 

3.35 

40.0 

0.989 

« « > > 

0,99 

23 . 4 

19.<t 

50S 

3 02 

45 . 4 

0.  ISS 

0,  19 

18.7 

15.2 

600 

2.74 

37.0 

7 . 52 

« » • 

7.52 

20.0 

10.7 

510 

3.. 30 

37 . 0 

7.41 

• . » * 

7.41 

24.4 

19.8 

511 

3 , 23 

39.2 

7.120 

7.13 

23.0 

18.7 

301 

2 . 35 

32  I 

8.01 

io.5* 

8.87 

20  8 

10.9 

302 

2.50 

33.7 

8.22 

4 9* 

8.22 

20.  <» 

10.7 

303 

2.03 

31  5 

8.77 

1 .5* 

8.77 

23.1 

18.8 

005 

3.2s 

.30. 3 

9.09 

14  2* 

9 30 

30.7 

25 . 0 

512 

3.  12 

30  0 

9.17 

33.0* 

9.84 

3lt.7 

25.0 

000 

2.53 

31  4 

8 . 80 

32.8* 

9 . 3f  t 

23 . 8 

19.3 

513 

2.7 

31.0 

8,90 

8 7* 

9.03 

24.4 

19.8 

515 

2 75 

28.7 

9 5»i 

13.4* 

9 , 88 

27.2 

22 . 1 

510 

2.H.5 

30.3 

9 . 09 

15.3* 

9 . 25 

20.4 

21.4 

40.S 

2 . 03 

31  9 

8.07 

8 07 

22.8 

18.5 

403 

3.91 

33 . 2 

8.34 

.... 

8.34 

32.0 

20 . 5 

400 

3 . 02 

30 . 2 

9 12 

7.9* 

9. 12 

27.5 

22.4 

404 

2.51 

30.0 

9 17 

—4.0* 

9.17 

23.0 

18.7 

400 

2.9 

30.8 

8.95 

0.2* 

8,95 

20.0 

21.1 

304 

2.57 

29  9 

9 . 20 

0.  47* 

ft.  20 

23 . 0 

19  2 

407 

3.2.5 

’’lU  2 

9.41 

—0.5* 

9.41 

30.0 

24  8 

405 

3.17 

29  1 

9.35 

1 .9® 

9.35 

29 . 6 

24  1 

410 

3 24 

28  S 

9.53 

3 , 7 ' 

9.  til 

31.2 

25.4 

305 

3.18 

29  8 

9.23 

0,0“ 

9 25 

30.3 

2 4 0 

007 

5 43 

35.2 

7.89 

10.5* 

8.00 

43.8 

35.6 

points  found  are  not  grouped  closely  enough  around  the  average 
curve  to  warrant  the  conclusion  that  the  general  Equation  4 is  ap- 
plicable in  this  case,  and  that  the  arithmetical  mean  speed  of  the 
vapor,  0.565  2’a,  is  the  correct  one  to  use  to  satisfy  the  equation. 
Another  bad  feature  of  the  tests  made  is  that  they  do  not  give  results 
covering  a wide  enough  range  of  speeds  and  coefficients  k to  be  able 
to  fix  the  path  of  the  mean  curve  with  any  degree  of  certainty.  The 
reason  for  this  was  the  construction  of  the  liquid  ammonia  feed  sys- 
tem. .'\n  ammonia  accumulator  located  at  any  fixed  height  in  refer- 
ence to  the  brine  coolers  is  not  satisfactory  for  obtaining  a wide 
range  of  tonnage  and  still  obtain  a saturated  vapor  at  the  discharge 
end  from  the  coolers.  Hand-operated  expansion  valves,  one  for 
each  cooler,  would  have  served  the  purpose  for  which  these  tests 
were  made  far  better. 
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TABLE  6. 

CALCULATION  TO  DETERMINE  THE  VALUE  OF  CONSTANT  a.  BASED  ON 
THE  ARITHMETIC  MEAN  SPEED  OF  THE  VAPOR  PLUS  THE  BRINE  SPEED 


No.  of 
Test. 
2 

0.565  r. 

Feet  per  Second. 
34 

0.565  r.+tb 
Feet  per  Second. 

35 

Square  Root  of 
0.565  r*+rb. 

36 

Constant 

a. 

37 

204 

12.89 

17.67 

4.2 

15.9 

205 

14.13 

18.91 

4.34 

13.5 

210 

13.11 

17.89 

4.22 

10.9 

211 

12.42 

17.20 

4.15 

15.9 

212 

12.42 

17.20 

4.15 

16.3 

601 

11.25 

16.03 

4.00 

10.8 

602 

8.87 

12.45 

3 . 53 

12.6 

603 

10.73 

14.31 

3.78 

10.6 

501 

9.72 

13.30 

3.64 

13.8 

502 

8.08 

11.66 

3.42 

21.4 

503 

10. 12 

14.43 

3 79 

16.7 

504 

9.66 

12.65 

3.56 

15.8 

505 

10.9 

13.29 

3.65 

10.5 

604 

11.87 

14.26 

3.77 

9.05 

506 

10.73 

16.95 

4.10 

11.6 

507 

10.73 

16.95 

4.10 

8.15 

508 

8.59 

14.81 

3.84 

11.5 

509 

9.43 

15.41 

3.92 

9.2 

510 

11.19 

17.17 

4.13 

11.6 

511 

10.56 

16.54 

4.06 

10.8  . 

301 

9.55 

13.74 

3.70 

16.4 

302 

9.43 

15.17 

3 84 

12.6 

303 

10.62 

16.36 

4.03 

14.2 

605 

14.13 

19.87 

4.45 

9.4 

512 

14.13 

19.87 

4.45 

5.7 

606 

10.9 

15.20 

3.89 

7.9 

513 

11.19 

15.50 

3.94 

11 .6 

515 

12.49 

16.80 

4.10 

9.7 

516 

12.19 

16.50 

4.05 

10.1 

408 

10.46 

14.60 

3.82 

11.8 

403 

14.97 

21.19 

4.60 

13.0 

409 

12.66 

18.88 

4.34 

11.2 

404 

10.56 

14.70 

3.83 

13.3 

406 

11.92 

16.06 

4.01 

15.2 

304 

10,84 

14.98 

3.84 

13.6 

407 

14.00 

18.14 

4.25 

14.7 

405 

13.62 

17.76 

4.20 

14.8 

410 

14.36 

18.50 

4.30 

14.4 

305 

13.80 

17,94 

4.23 

15.6 

607 

20.13 

24  27 

4.91 

8.7 

Average  value  of  a.  leaving  out  the  tests  heretofore  mentioned,  14.2. 


Another  attempt  was  made  to  see  whether  the  test  results  avail- 
able did  not  afford  sufficient  data  to  fix  the  law  governing  the  rate 
of  heat  transfer.  It  was  argued,  if  the  fundamental  equation  4 
is  applicable  in  this  case,  that  the  mean  speed  of  the  vapor  is  com- 
bination with  the  brine  speed,  resulting  in  the  mean  value  of  k 
found,  would  be  that  speed  which  would  correspond  to  the  mean 
square  root  speed  determined  from  Equation  6. 

The  curve  of  the  square  root  speeds  in  reference  to  the  effective 
cooling  surface  would  be: 

3»i**  = a X.  (Equation  8) 


By  integration  between  limits  the  mean  square  root  speed  of 
the  vapor  is  found  to  be 


1.8 

and  the  vapor  speed  corresponding  to  it  will  be 
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k,  B.t.ii.  per  sq.  ft.  per  hour  per  1®  F.  Mean  Temp.  Diff. 


Digitized  Dy  Googie 


0.5G5  Va  + t'b,  Relative  mean  sjtfi'd  of  ammonia  vapor  and  brine  in  feet  per  second. 

Plate  VI. — Heat  transfer  coefficient  compared  to  relative  mean  speed  of  ammonia  vapor  and  brine 
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TABLE  7. 

CALCULATIONS  TO  DKTEKMINE  Till-:  VALUE  OF  CONSTANT  BASED  ON 
THE  MEAN  SQUARE  ROOT  Sl’EED  OF  THE  VAPOR  PLUS  THE  BRINE  SPEEU 


! I 


No.  of 

0.521  t'„ 

^ 0.521  p.+rt. 
Feet  per  Second. 

Square  Root  of 

Constant 

Test. 

Feet  per  Seeond. 
;i8 

0.521  P.+P), 

b. 

2 

39 

40 

41 

204 

11.87 

1 6 . 65 

4.08 

16,  10 

205 

13.02 

17.80 

4.22 

13.93 

210 

12.08 

16 .86 

4.11 

1 1 . 26 

211 

11.46 

16  24 

4.03 

16.40 

212 

11.46 

16.24 

4.03 

16.82 

601 

10  36  ■ 

15.14 

3.89 

11.09 

602 

8.17 

11.75 

3.42 

13.04 

60:i 

9.89 

13.47 

3.67 

10.92 

501 

8.96 

12.54 

3.54 

14.20 

.502 

7.45 

1 1 . 03 

3.32 

22. 10 

503 

9 . 32 

13.63 

3.69 

17.20 

5(M 

8.90 

11.89 

3.44 

16.33 

.505 

10 . 05 

12.44 

3 . 52 

10,94 

604 

10.94 

13.33 

3.65 

9 . 34 

.506 

9,89 

13.47 

3.67 

13.00 

.507 

9 89 

13.47 

3.67 

9.10 

.508 

7.91 

14. 13 

3 75 

11.84 

.509 

8.70 

14.68 

3.83 

9 . 42 

510 

10  31 

16.29 

4.04 

11.88 

511 

9.74 

15.72 

3.96 

11.07 

301 

8.80 

12.99 

3.60 

16.87 

302 

8,70 

14.68 

3.83 

12.66 

:i03 

9 . 79 

1 5 . 53 

3.94 

14.58 

605 

13.02 

18.76 

4 . 33 

9 . 58 

512 

13.02 

18.76 

4.33 

5.95 

606 

10.05 

* 14.36 

3,78 

8. 15 

513 

10.31 

14.62 

3.82 

12.00 

515 

11.51 

15.82 

3.97 

10.02 

516 

11.14 

15.45 

3,93 

10.43 

408 

9 . 63 

13.77 

3.71 

12,18 

403 

13.80 

14.02 

3.74 

16.01 

409 

11.67 

17.89 

4.23 

1 1 . 53 

404 

9.74 

13.88 

3.72 

13.70 

406 

10.99 

15.13 

3.88 

15.69 

304 

10.00 

14.14 

3.76 

13.93 

407 

12.92 

17.06 

4.13 

15.13 

405 

12.55 

16.69 

4.08 

15.24 

410 

13.23 

17.37 

4.16 

14.98 

305 

12.81 

16.95 

4.12 

15.77 

607 

18.54 

22 . 68 

4.76 

8 98 

Average  value  of  b,  leaving  out  the 

tests  heretofore  mentioned,  14.30. 

which  (lififers  in  this  case  but  slightly  from  the  arithmetical  mean 
speed  found  from  equation  6,  For  this  reason  the  result  of  plotting 
the  value  0.521  + Ub,  given  in  column  39,  Table  7,  against  the 

corresponding  values  of  k,  column  25,  Table  4,  as  shown  on  Plate  7, 
using  logarithmic  cross-section  paper,  and  on  Plate  $,  using  ordinary 
cross-section  paper,  did  not  prove  any  more  satisfactory.  The 
average  value  of  b was  found  to  be  14.3,  and  the  equation  of  the 
mean  curve : 

k = 14.3  V 0.521  t'a  4-  tn..  (Equation  9) 

The  above  would  have  left  the  subject  in  a rather  un.satisfac- 
tory  state  if  another  manner  of  analyzing  the  te.st  results  obtained 
had  not  been  available. 

On  further  reflection  we  found  that,  in  conjunction  with  the 
tonnage  obtained  for  each  cooler  section,  the  true  mean  temperature 
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k,  B.t.u.  per  sq.  ft.  per  h'”.ir  per  1°  F.  Mean  Temp.  Uiff. 


Digitized  Dy  Googie 


Plate  VII. — Heat  transfer  coefficient  compared  to  relative  mean  speed  of  ammonia  vapor  and  brine 


Relative  Mean  Speed  of  Ammonia  Vapor  and  Brine  - 0.521  v^-  Feet  per  Second 
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Plate  VIII. — Heat  transfer  coefficient  compared  to  relative  mean  speed  of 

ammonia  vapor  and  brine 


difference  between  the  brine  and  vaporizing  liquid  in  the  cooler  was 
most  important  for  judging  the  value  of  the  test  results  obtained. 
For  this  purpose  Table  8 and  Plate  9 are  offered  for  your  consid- 
eration. 

In  Table  8 the  tonnages  per  cooler  sections  are  arranged  in  sepa- 
rate columns  between  unit  limits  from  5 tons  up  and  the  value  of 
ti  placed  next  to  the  tonnage  figures.  It  stands  to  reason  that  for 
those  tests,  were  the  value  of  h,  is  low  for  the  tonnage  obtained,  the 
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Curve  A — k — 20.6  V0.521  r.,  ■+■  I'l).  5 to  6 tons  refrigeration  per  cooler  section  and 

about  6®  F.  mean  temp.  Jiff. 

Curve  B — k = 15.2  v'0.521  -j-  t’l,.  6 to  8 tons  refrigeration  i>er  cooler  section  and 

about  10®  F.  mean  temp.  diff. 

Plate  IX — Heat  transfer  coefficient  compared  to  relative  mean  speed  of 
ammonia  vapor  and  brine.  Some  test  results  corrected  for  superheated  vapor 
in  one  or  more  of  the  top  pipes  of  the  coolers  and  those  test  results  discarded 
that  could  not  be  so  corrected. 
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value  of  k would  be  high.  Taking  the  lowest  value  of  = 5.8, 
found  for  test  Xo.  502,  the  corresponding  value  of  Ic  = 73.4,  column 
25,  Table  4.  For  the  lowest  value  of  k = 25.8,  test  Xo.  512,  the  cor- 
resjiohding  value  of  fu  = 24.00.  The  temperatures  of  the  vapor 
entering  the  accumulator,  or,  which  is  the  same,  the  temperature  of 
the  vapor  leaving  the  brine  coolers,  showed  the  reason  for  this  great 
variation  in  the  value  of  ta.  Readings  taken  of  the  temperature  of 
the  ammonia  flowing  through  the  rear  end  return  bt'iids  made  it  pos- 
sible to  make  a few  corrections  in  the  value  of  k as  indicated  in 
Table  8. 

Then  by  dividing  the  acceptable  tests,  for  which  the  values  oi  k 
are  given  in  column  56,  Table.8,  into  two  groups,  for  tonnages  vary- 
ing between  5 and  6,  also  between  6 and  8,  and  plotting  them  against 
their  respective  relative  mean  speeds  of  ammonia  vapor  and  brine, 
column  39,  Table  7,  the  two  curves  shown  on  IMatc  9 could  be  as- 
sumed to  represent  in  a general  way  the  variation  of  the  rate  of  heat 
transfer  with  a change  in  the  speed  of  the  ammonia  vapor  and  brine 
in  a double  pipe  brine  cooler  of  the  type  tested.  The  division  in  two 
groups  was  made,  as  the  test  date  showed  conclusively  that  for  the 
position  of  the  accumulator  used  in  reference  to  the  brine  coolers 
best  ressults  were  obtained  at  from  5 to  6 tons  refrigeration  for  each 
cooler  section.  The  eijuation  for  Curve  A was  found  to  be : 

k = 20.6  V 0.521  ZM  + ti.,  (Equation  10) 

and  for  Curve  B : 

A’  = 15.2  V 0.521  7/a  -j-  v\>.  (Equation  11) 

Equation  10  applies  to  such  cases  where  the  liquid  feeding  sys- 
tem is  so  arranged  that  saturated  ammonia  vajior  is  discharged  from 
the  brine  coolers  at  all  times  where  the  coolers  are  operated  at  the 
maximum  capacity  for  which  they  were  installed  and  any  lower 
tonnage. 

Conclusions 

To  obtain  results  over  greater  ranges  of  tonnage  and  conse- 
quent greater  range  of  ammonia  vapor  speed,  a test  plant  should  be 
equipped  either  with  hand-operated  expansion  valves  for  each  cooler 
stand  or  else  an  accumulator  the  height  of  which  in  reference  to  the 
brine  coolers  can  be  varied  so  that  saturated  vapor  is  discharged 
from  the  coolers.  Thermometers  placed  in  mercury  wells  located 
in  each  ammonia  return  bend  should  be  observed  continuously  to 
assure  the  presence  of  some  liquid  ammonia  in  each  cooler  pipe  to 
the  discharge  end. 

Care  should  be  had  in  so  placing  the  brine  inlet  and  outlet  ther- 
mometers to  assure  thorough  mixing  of  the  brine  ::s  it  comes  from 
the  brine  heaters  and  various  brine  cooler  sections,  so  as  to  obtain 
the  true  brine  range. 

The  plant  should  also  be  equipped  with  mercury  columns  so  that 
the  ammonia  pressures  at  the  inlet  and  outlet  of  the  coolers  can  be 
accurately  obtained.  Excessive  height  of  accumulator  or  excessive 
height  of  cooler  to  obtain  large  capacity  and  high  vapor  speeds  often 
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lead  to  results  opposite  to  those  desired  on  account  of  the  great  am- 
monia pressure  difference  between  the  bottom  and  the  top  of  the 
cooler  raising  the  mean  temperature  of  the  boiling  ammonia  in  pro- 
portion more  than  the  increased  vapor  speed  helps  to  increase  the 
value  of  k.  High  brine  temperature  ranges  can,  for  this  reason,  only 
be  secured  by  using  several  banks  of  coolers  through  which  the  brine 
passes  in  series  and  the  ammonia  in  parallel. 

By  comparing  equation  10  with  similar  formulae  deduced  for 
ammonia  condensers  in  a paper  read  at  the  December,  1914,  meet- 
ing of  The  American  Society  of  Refrigerating  Engineers,  and  pub- 
lished in  Vol.  I,  No.  I,  of  the  A.  S.  R.  E.  Journal,  it  will  be  found, 
taking  into  consideration  that  the  latter  formulae  are  based  on  inlet 
ammonia  vapor  speeds,  that  the  constants  for  liquefaction  and  evapo- 
ration of  ammonia  are  practically  the  same  and  will  prove  to  be  the 
same  as  soon  as  a way  is  found  to  make  more  accurate  tests  and 
with  it  more  conclusive  analyses. 

We  are  indebted  to  Mr.  J.  Harold  McCreery  for  his  valuable 
assistance  in  completing  the  calculation  of  the  test  results  and  com- 
piling the  tables. 
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PROGRAM 


Joint  Meeting 

of 

The  American  Society  of  Refrigerating  Engineers 

and 

American  Association  of  Refrigeration 

The  Fourth  Western  Meeting  of  The  American  Society  of  Refrigerating 
Engineers  and  a special  meeting  of  the  American  Association  of  Refrigera- 
tion will  be  held  jointly  in  San  Francisco,  Cal.,  on  September  21  to  Septem- 
ber 25.  1915. 

In  the  last  three  issues  of  the  A.  S.  R,  E.  Journ.vl  is  the  itinerary 
of  a special  train  movement  on  account  of  this  meeting.  The  special  train 
will  leave  Chicago,  111.,  on  Wednesday,  September  15,  at  6:10  o’clock  P.  M., 
and  will  arrive  in  San  Francisco,  Cal.,  on  Tuesday  evening,  September  21,  ^ 
at  5 ;45  o’clock  P.  M. 

The  headquarters  of  both  associations  will  be  at  the  Inside  Inn, 
within  the  grounds  of  the  Panama-Pacific  International  E.xposition.  The 
rates  for  rooms,  European  plan,  include  unlimited  admission  to  the  Exposition 
grounds  during  stay  at  this  hotel.  All  rooms  are  outside  rooms,  with  sun- 
light during  some  portion  of  the  day,  and  the  hotel  accommodations  are 
first  class  in  every  respect.  The  rates  are  as  follows: 

Rooms  without  bath,  one  person  in  room,  $2.00  per  day;  two  or  three 
persons  in  one  room,  $1.50  per  person  per  day. 

Rooms  with  bath,  one  person  in  room.  $3.00  to  $4.00  per  day,  according 
to  location ; two  persons  in  one  room,  $2.00  to  $2,50  per  person  per  day, 
according  to  location. 

The  sessions  of  our  meeting,  as  well  as  the  International  Engineering 
Congres.s,  will  be  held  in  the  Exposition  Memorial  Auditorium  at  the  Civic 
Center  in  San  Francisco. 

The  entertainment  program  and  list  of  papers  to  be  read  and  topics  dis- 
cussed are  as  follows: 

TUESDAY,  SEPTEMBER  21 

Evening,  8 o’clock — Dinner  at  Portola-Louvre  Cafe,  Market  and  Powell 
streets,  $2.50  per  plate. 


WEDNESDAY,  SEPTEMBER  22 

Morning,  9 o’clock — Sightseeing  trip  around  San  Francisco,  viewing 
Golden  Gate  Park,  Cliff  llou.se  and  Presidio,  and  returning  by  the  Exposition 
grounds.  Price,  $1.00  per  person.  Time,  2j^  hours.  Luncheon  at  the 
Portola-Louvre  Cafe,  50  cents  per  person.  Board  cars  at  Inside  Inn. 
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Afternoon,  i o’clock — Sightseeing  trip  from  San  Francisco  via  Creek 
route  ferry  to  Oakland,  Berkeley,  Claremont,  Piedmont  and  Lake  Merritt 
to  Canyon  Inn,  Hayward,  and  returning  via  Foothill  Boulevard.  Price, 
including  dinner  at  Canyon  Inn,  $3.50  per  person.  Board  cars  at  Portola- 
Louvre  Cafe. 


THURSDAY,  SEI*TE.MBER  23 

Morning,  9:30  o’clock — Joint  meeting  of  A.S.R.E.  and  A.A.R. 

Roll  call. 

Reading  of  minutes  of  Tenth  Annual  Meeting  of  A.S.R.h^. 

Report  of  Tellers  of  Election  of  Members  of  A.S.R.E. 

Address  l)y  Frank  A.  Horne,  New  York,  N,  Y.,  president  of  A.A.R. 

Paper  on  “Oil  Engine  Driven  Raw  Water  Ice  Manufacturing  Plant." 
Louis  K.  Doelling,  New  York,  N.  Y.,  president  of  A.S.R.E. 

Discussion  of  Topic — Raw  Water  Ice  Making  Systems. 

Afternoon,  2 o’clock — Attend  session  of  International  luigineering  Con- 
gress in  Exposition  Memorial  .A.uditorium,  when  the  following  papers  on 
refrigeration  will  be  presented: 

Development  of  Refrigeration  in  France.  L.  Marchis,  Paris,  France. 

Development  of  Refrigeration  in  Sweden.  Thor  Andersson,  Stockholm, 
Sweden. 

Development  of  Refrigeration  in  the  United  States.  J.  F.  Nickerson, 
Chicago,  111. 

FRIDAY,  SEPTEMBER  24 

Morning,  9:30  o’clock — Joint  meeting  of  A.  S.  R.  E.  and  A.  A.  R. 

Paper  on  “Fruit  Precooling  and  Precooling  Plants.’  W.  C.  Phillips, 
San  P'rancisco,  Cal. 

Paper  on  “The  San  Bernardino  Precooling  Plant."  C.  M.  Gaj^  Los 
Angeles,  Cal. 

Paper  on  “Rate  of  Heat  Transfer  in  Double  Pipe  Brine  Coolers.”  Van 
R.  H.  Greene  and  Fred  Ophuls,  New  York,  N.  Y. 

Discussion  of  Topic — Power  Required  to  Agitate  Brine  in  Can  Ice  Tanks. 

Afternoon — Refrigeration  day  at  Exposition. 

Evening,  7 o’clock — Dinner  at  Inside  Inn,  $2.00  per  person. 

SATURDAY,  SEITEMBER  25 

Afternoon,  1:30  o’clock — Steamboat  excursion  around  the  Bay  of  San 
Francisco,  returning  at  6 o’clock.  .-Ml  principal  points  of  interest  will  he 
visited,  including  a trip  through  the  Golden  Gate.  Price.  $1.00  per  person, 
providing  a party  of  one  hundred  can  be  made  up.  Board  steamer  at  dock 
of  Crowley  Launch  Company  on  the  Escadero  near  ferry  depot. 

Evening,  8 o’clock — Banquet  at  the  Hof  Bran  Cafe.  Fourth  and  Market 
street.s,  $5.00  per  cover,  including  wine. 
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COUNCIL  NOTES 

The  Council  held  a meeting  in  the  office  of  the  Society,  154  Nassau 
Street,  New  York  City,  on  Thursday  afternoon,  August  12,  1915,  with  the 
following  officers  and  directors  in  attendance : Messrs.  Doelling,  Shipley, 

Greene,  Behn,  Nickerson,  Horne,  Frick.  Torrance,  Matthews  and  Ross. 

The  minutes  of  the  meeting  of  The  Council  of  January  29,  1915,  were 
read  and  approved. 

The  Menibership  Committee  presented  applications  for  membership  from 
the  following,  and  they  were  approved  in  the  grades  indicated : 

MEMBERS 

Charles  W.  Berry,  Boston,  Mass. 

Frederic  T.  Brandt.  Waynesboro,  Pa. 

Charles  I.  Uay,  Jacksonville,  Fla. 

Erie  H.  Peterson,  Detroit,  Mich. 

(ieorge  B.  Stacy,  San  Franci.sco,  Cal. 

Edgar  Steiner,  St.  Louis,  Mo. 

Ralph  W.  Bowers,  Waynesboro,  Pa. 

ASSOCIATE  ME.MBERS 

C.  Thomas  Baker,  Jacksonville,  Fla. 

.‘Man  K.  Gillespie,  St.  Louis,  AIo. 

S.  T.  Mc.-Xdam,  Pensacola,  P'la. 

J.  Malcolm  May,  Wellington,  N.  Z. 

George  W.  Mitchell,  St.  Louis,  Mo. 

JUNIOR  MEMBERS 

Harry  C.  Bruce,  St.  Louis,  Mo. 

Karl  R.  Dieterle,  Los  Angles,  Cal. 

Frank  B.  Higgins,  Canton,  Ohio. 

Stewart  E.  Lauer,  York,  Pa. 

Henry  R.  Rosebro,  Jack.sonville,  Fla. 

Guy  V.  Thompson,  Portsmouth,  Ohio. 

Carl  J.  Weaver,  Canton,  Ohio. 

It  was  the  sense  of  The  Council  that  a superintending  engineer  in  charge 
of  several  plants  is  eligible  to  membership  in  the  grade  of  .Associate  Member 
only,  unless  he  possess  special  technical  knowledge. 

George  H.  Geisler,  Oakland.  Cal.,  was  elected  a Director  until  the  annual 
meeting  of  1915,  vice  A.  P.  Criswell,  deceased, 

A complete  set  of  the  Transactions  of  the  Society  was  ordered  sent  to 
the  Franklin  Institute.  Philadelphia,  Pa.,  and  copies  of  the  A.  S.  R.  E. 
Journal  were  ordered  sent  to  the  following  publications,  organizations  and 
institutions  in  exchange  for  publications  issued  by  them : 

•American  Society  of  Civil  Engineers,  New  York,  N.  Y . 

Franklin  Institute,  Philadelphia.  Pa. 

L'niversity  of  Pennsylvania.  Philadelphia,  Pa. 

Columbia  University,  New  AYirk,  N.  Y. 

St.  Louis  Public  Library,  St.  Louis,  Mo. 

.American  Society  of  Heating  and  Ventilating  Engineers,  New  York,  N.  Y. 

Bulletin  of  the  Russian  Refrigeration  Committee,  Petrograd,  Russia. 

Zcitschrift  fur  Eis  und  Kaelte-Industrie,  Vienna.  .Austria. 

Zeitschrift  fur  die  gesamic  Kaelte-Industric,  Munich,  Germany. 

President  Doelling  reported  the  death  of  the  following  members  since 
the  last  annual  meeting; 

Benjamin  F.  Daly,  Rockaway  Beach,  N.  Y. 

A.  P.  Criswell,  Chicago,  111. 

James  Edwin  Quigley,  Pittsburgh,  Pa. 

William  J.  Webber,  Boston,  Mass. 

The  matter  of  the  Society’s  cooperation  with  the  Joint  Committee  on 
Classification  of  Technical  Literature  was  referred  to  the  next -meeting  of 
The  Council. 
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The  Secretary  was  authorized  to  purchase  folders  containing  bird’s-eye 
view  of  the  Panama-Pacific  International  Exposition  and  a map  of  San 
P'rancisco,  on  which  the  program  of  our  Fourth  Western  Meeting  is  to  be 
printed,  at  a cost  not  exceeding  $17. 

The  Secretary  was  authorized  to  purchase  for  the  library  a complete 
file  of  Zeitschrift  fur  Bis  utid  Kaelte-I ndusirie,  Vienna,  Austria,  as  well  as  a 
complete  file  of  Zeitschrift  fur  die  yesamte  Kadte-lndustrie,  Munich, 
Germany. 

President  Doelling  reported  that  the  Society  had  been  invited  to  send 
a delegate  to  the  Second  Pan-American  Schientific  Congress,  to  be  held  in 
Washington,  D.  C.,  on  December  27,  1915,  to  January  8,  1916.  and  further 
reported  that  he  had  appointed  N.  H.  Hiller  as  the  delegate  of  the  Society. 

The  Society’s  membership  dues  of  $10  to  the  .\merican  .\ssociation  of 
Refrigeration  were  approved  and  ordered  paid. 

The  following  resignations  were  accepted  with  regret : 

George  Berna,  Ithaca.  X.  Y. 

H.  M.  Moore,  Des  .Moines,  la. 

Samuel  R.  Frantz.  Waynesboro,  Pa. 

Jaroslav  Spinka,  St.  Louis,  .Mo. 

J.  C.  Bertsch,  New  York,  X,  Y. 

W.  H.  Ross,  Secretary. 


AMENDMENTS  PROPOSED  TO  THE  CONSTITUTION 
At  the  last  annual  meeting  the  President,  Henry  Torrance,  on  recom- 
mendation of  The  Council,  proposed  the  following  amendments  to  para- 
graphs C 17  and  C 20  of  the  Constitution,  subject  to  discussion  and  such 
modification  as  may  be  accepted  by  the  proposer : 

(.Words  in  italics  indicate  nezo  matter;  teords  in  parentheses  to  be  omitted.) 

INITIATIO.V  FKKS  AND  DUES 

C 17.  The  initiation  fee  for  membership  shall  be  as  follows: 

For  Members  and  Associates,  $5. 

h'or  Juniors,  $5.  A Junior  on  promotion  to  any  other  grade  of 
membership  shall  pay  an  additional  fee  of  $5. 

The  annual  dues  for  membership  .shall  be  as  follows : 

For  Members  and  Associates  residing  in  the  United  States  and 
Canada,  $15;  elseu’here,  $10. 

For  Juniors  residing  in  the  United  States  and  Canada,  $10;  else- 
where, (for  the  first  six  years  of  their  membership,  and  thereafter 
the  same  as  for  a Member  or  Associate). 

THE  COUNCIL 

C 20.  The  affairs  of  the  Society  shall  be  managed  by  a Board  of 
Directors  chosen  from  among  its  Members  and  .Associates,  which  shall 
be  styled  “The  Council.”  The  Council  shall  consist  of  the  President 
of  the  Society,  who  shall  be  the  presiding  officer,  the  two  Vice-Presi- 
dents, Treasurer,  (and)  fifteen  Members  and  Associates,  and  the  last 
five  living  Ex-Presidents,  ex-officio.  Seven  mem1>ers  of  The  Council 
.shall  constitute  a quorum  for  the  transaction  of  business.  The  Secre- 
tary may  take  part  in  the  deliberations  of  The  Council,  but  shall  not 
have  a vote  therein. 

These  proposed  amendments  will  come  before  the  Eleventh  Annual 
Meeting  for  final  discussion  and  action. 


JOINT  MEETING  OF  A.  A.  R AND  A.  S.  R.  E. 

Since  the  July  number  of  the  A.  S.  R.  E,  Journal  was  issued  arrangements 
have  been  made  with  the  American  .Association  of  Refrigeration  for  a joint 
meeting  in  San  Francisco  on  the  dates  of  our  Fourth  Western  Meeting  on 
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September  21  and  25.  A joint  program  has  been  prepared,  which  appears 
on  another  page  of  this  number  of  The  Journal. 

On  the  afternoon  of  September  23  members  and  guests  of  both  associa- 
tions will  attend  a session  of  the  International  Engineering  Congress,  when 
its  papers  on  refrigeration  will  be  presented. 

The  complete  program  affords  the  members  of  both  associations  an 
opportunity  to  hear  and  discuss  several  exceptionally  interesting  papers,  as 
well  as  to  participate  in  several  very  delightful  excursions.  President 
Doelling  is  anxious  that  as  many  members  of  the  Society  attend  this  meeting 
as  possible. 

The  headquarters  of  both  associations  will  be  at  the  Inside  Inn,  within 
the  grounds  of  the  Panama-Pacific  International  Exposition. 


A.  S.  M.  E.  BOILER  CODE 

Arrangements  have  been  made  with  the  American  Society  of  Mechanical 
Engineers  whereby  members  of  The  American  Society  of  Refrigerating 
Engineers  may  secure  copies  of  the  A.  S.  M.  E.  Boiler  Code  on  the  con- 
struction of  stationary  boilers  and  allowable  pressures  at  80  cents  per  copy. 

This  boiler  code  was  reviewed  in  the  March  issue  of  the  A.  S.  R.  E. 
Journal.  Since  the  code  was  published  it  has  been  adopted  by  a number 
of  States  and  municipalities  as  an  official  code. 

Nearly  every  member  of  the  Society  is  interested  in  the  operation,  con- 
struction and  design  of  boilers,  and  it  is  urged  that  they  secure  a copy  of 
this  publication. 

Orders  may  be  sent  direct  to  the  American  Society  of  Mechanical 
Engineers,  29  West  39th  Street,  New  York  City,  or  may  be  ordered  through 
our  Secretary. 


TRADE  CATALOGS 

(Below  is  given  a list  of  trade  catalogs,  etc.,  received  at  the  Society’s  office  since  the 
publication  of  the  last  issue  of  the  A.  S.  R.  E.  Jotjrnal.) 

Estate  of  W.  M.  Schwenker,  New  York,  N.  Y. — The  Protecto  Ammonia 
Helmet. 

Stevenson  Cold  Storage  Door  Company,  Chester,  Pa. — The  Door  which 
Keeps  the  Cold  in  Cold  Storage. 

Builders  Iron  P'oundry,  Providence,  R.  I. — Venturi  Hot  Water  Meter, 
Bulletin  No.  85. 

Builders  Iron  Foundry,  Providence,  R.  I. — The  Venturi  Meter  for  Pump 
Di.scharge  Lines,  Refrigerating  Plants,  etc..  Bulletin  No.  84. 

National  Tube  Company,  Pittsburgh,  Pa. — Index  for  “National”  Bulle- 
tins Nos.  I to  20, 

McCord  Manufacturing  Company,  Detroit,  Mich. — McCord  Force  Feed 
Lubricator. 


WHAT  OTHERS  SAY 

“The  great  American  Society  of  Refrigerating  Engineers  is  now  pub- 
lishing a bi-monthly  journal  containing  its  transactions.  The  first  number 
has  been  received  and  indicates  an  essentially  scientific  publication. 

“It  must  be  admitted  that  the  new  periodical  fills  a great  gap  in  American 
literature  on  refrigeration,  because  it  is  the  first  to  publish  extended  articles 
of  a scientific  character,  while  the  trade  journals  confine  themselves  to 
material  more  easily  understood.  It  is  very  important  for  the  development 
of  every  industry  to  have  an  organ  in  which  scientific  thought  may  be  ex- 
pressed and  criticised,  because  only  by  this  means  is  it  possible  to  instill 
scientific  reasoning  into  actual  practice.  The  necessity  for  such  research  will 
readily  he  admitted  by  all  who  are  broad  minded  enough  to  see  beyond  the 
present  scope  of  their  own  business.” — Zcitschrift  fur  die  (jesamte  Kaelte- 
Industrie,  Munich,  Germany. 
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: NOTICE 

The  Society  subscribes  for  the  Monthly  Catalogue  of  United  States 
Public  Documents,  which  is  the  only  publication  giving  a complete  list  of  all 
the  Government’s  publications  as  they  appear.  Since  The  Journal  can  find 
space  to  review  only  a few  of  those  of  the  n.any  valuable  monographs  and 
publications  issued  by  the  various  departments  that  w’ill  be  found  of  most 
general  interest  to  its  readers,  it  is  to  be  hoped  that  members  seeking  informa- 
tion along  certain  lines  will  make  use  of  this  catalogue,  files  of  which  will  be 
found  in  the  Society’s  office.  On  request,  the  Secretary  will  undertake  to 
advise  a member  what  publications  have  appeared  on  a given  subject  during 
the  current  year,  and  at  what  price  they  can  be  obtained  from  the  Superin- 
tendent of  Documents,  Washington,  D.  C. 


A CORRECTION 

On  pages  46  and  47  of  the  July  numher  of  the  /\,  S.  R.  E.  Journal  there 
appeared  a table  on  “Cost  of  Manufacturing  Raw  W'ater  Ice,”  taken  froni  the 
General  Electric  Rexncxv  of  July,  1914.  We  neglected  to  state  that  this  paper 
was  prepared  by  the  Arctic  Ice  Machine  Company,  Canton.  Ohio,  and  take  this 
means  of  giving  them  proper  credit  for  the  table. 


WANTED 

Anyone  knowing  the  present  address  of  any  of  the  following  members 
is  requested  to  communicate  with  the  Secretary  : 

E.  L.  Flory  Oscar  Dreyer  D.  L.  Holden 
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FLOW  OF  SUPERHEATED  AMMONIA  THROUGH  ORIFICES* 

CALCULATION  OF  SIZES  OF  AMMONIA  SAFETY  VALVES 

Bv  Edwaki)  F.  Miller,  Boston,  Mass. 

This  article  gives  in  brief  the  results  of  experimental  work 
made  at  the  instigation  of  the  Massachusetts  State  Board  of  Boiler 
Rules  and  carried  on  by  F.  L.  Fairbanks,  L.  Williams  and  E.  F. 
Miller,  members  of  the  Committee  on  Municipal  and  State  Regula- 
tions for  Refrigerating  Plants  and  Refrigerants,  appointed  by  The 
American  Society  of  Refrigerating  Engineers,  to  keep  in  touch 
with  such  work.  Professor  Carlton  A.  Read,  of  Worcester  Poly- 
technic Institute,  and  G.  H.  Clark,  of  the  Massachusetts  Institute  of 
Technology,  took  an  active  part  in  the  work  and  assisted  both  in  the 
experimental  work  and  in  the  calculations 

Your  committee,  at  one  of  its  early  meetings,  decided  that  its 
first  step  should  be  toward  securing  data  on  the  flow  of  superheated 
ammonia  through  orifices. 

I'he  Ouincy  Market  Storage  & Warehouse  Comi)any,  through 
^Ir.  I'airbanks.  kindly  oflfered  us  for  such  tests  the  use  of  two  ma- 
chines at  their  Eastern  avenue  plant.  The  committee  accepted  their 
offer,  and  hereby  takes  occasion  to  express  its  appreciation  of  the 
numerous  favors  extended  it  by  the  M^arehouse  Company  and  by 
Mr.  Fairbanks. 

Orifices  of  different  diameters,  of  different  lengths  and  with 
diflferent  radii  of  entrance  curves  were  te.sted,  as  reported  in  the 
summary,  which  is  appended. 

The  gas  discharge  through  the  orifice  was  taken  into  the  suction 
side  of  a i,ooo-ton  machine,  which  was  run  just  to  take  care  of  this 


* I'his  p(if>cr  is  copyrighted  by  The  Americau  Society  of  Refrigerating 
Engineers  and  issued  to  the  membership  prior  to  the  meeting  on  Decem- 
ber 6,  7 and  8.  1915.  at  u'hich  it  zvill  be  read,  in  order  that  members  may 
prepare  any  discussion  zAiich  they  may  zAsh  to  present.  It  is  issued  In 
confidence  and  zAfh  the  understanding  that  the  paper  is  not  to  be  reprinted, 
even  in  abstract,  until  after  it  has  been  read  at  the  meeting,  and  then  only 
on  the  authority  of  the  Publication  Committee.  It  is  subject  to  reznsion  by 
the  author  and  the  Society. 

The  Society  is  'not  responsible  for  statements  or  opinions  advanced  in 
papers  or  in  discussions  at  its  meetings. 
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FLOW  OF  sui’krhf:ated  ammonia  through  orifices 


The  gas  entering  the  orifice  was  discharged  from  a 26  x 48-inch 
twin  cylinder,  single-acting  compressor,  which  was  run  at  speeds 
varying  from  20  to  54  revolutions  per  minute. 

The  temperature  and  pressure  of  the  gas  entering  the  com- 
pressor were  noted. 

The  weight  of  ammonia  gas  flowing  through  the  orifice  per 
minute  was  calculated  (after  the  pressure  in  the  orifice  had  been 
determined)  by  making  use  of  the  theoretical  formula  given  later. 
Then  the  volume  of  this  weight,  reduced  to  suction  pressure  and 
temperature,  was  figured  and  the  volumetric  efficiency  of  the  com- 
pressor determined.  This  volumetric  efficiency  was  calculated 
merely  as  a matter  of  interest,  although  it  did  serve  as  a rough 
method  of  checking  the  results. 


It  appeared  that  with  an  orifice  made  as  per  Fig.  i the  absolute 
pressure  in  the  orifice  was  0.585  that  of  the  absolute  pressure  at 
entrance. 

For  such  orifices  this  simple  empirical  formula — 

04  X area  orifice  in  sq.  ins.  X head  press,  in  lbs.  sq.  in.  abs. 

Weight  per  sec.  = - ■-  — 

V 460  -f-  head  temp,  in  degrees  F. 

was  found  to  give  reasonable  accuracy,  and  was  made  use  of  in  cal- 
culating the  discharge  capacity  of  .safety  valves. 
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DISCHARGE  OF  AMMONIA  SAFETY  VALVES 

C X'”'  X d X d X 0.707  X 290  X 60  X 0.4  piston  displ.  cu.  ft.  min. 

6 V 700  5.665 

CXd-  X^X  0.707  X 290  X<^X  0.4  X 5*665 

Piston  displ.  cu.  ft.  min.  = 

6 V 700 

Piston  displ.  cu.  ft.  min.  = 551.67  X 6"  X d'. 

C is  a coefficient  used  to  allow  for  shape  of  orifice.  It  was 
taken  as  0.85  on  a yi"  valve,  0.90  on  a yi"  valve,  0.93  on  a i"  valve, 
and  0.96  on  sizes  of  and  over. 

290  is  the  head  pres.siire  (absolute). 

5.665  is  the  volume  of  one  pound  of  saturated  ammonia  at  50 
pounds  absolute,  which  was  considered  as  sufficiently  high  for  suc- 
tion pressure.  The  fact  that  the  di.splacement  efficiency  of  the  com- 
pressor is  less  than  100  per  cent  gives  an  additional  margin  of  safety 
to  the  valve.  The  factor  0.707  is  the  sine  of  a 45-degree  angle,  the 
effective  lift  being  only  this  proportion  of  the  actual  lift  on  a 45- 
degree  bevel-seated  valve.  The  vertical  lift  of  the  valve  is  taken 
as  one-.sixth  of  the  diameter ; 700  is  taken  as  the  absolute  tempera- 
ture of  the  ammonia  gas  leaving  the  compressor,  or  460  plus  240°, 
the  reading  as  shown  in  degrees  F. 

Table  I. — Relieving  Cap.acity  of  Ammonia  Safety  V.alves  at  290  Lbs. 
Absolute  Pressure  Expressed  in  Terms  of  the  Piston  Displ.ace- 
MENT  of  Compressor  in  Cubic  Feet  per  Minute. 


Diameter 

Cubic  Feet 

of 

Piston  Displ. 

Valve. 

per  Min. 

inch 

117. 

Ya  “ 

279. 

1 

513. 

IH  “ 

828. 

1^  “ 

1192. 

2 

2118. 

These  values  are  shown  on  diagram,  Fig.  2. 

The  diameter  of  the  discharge  outlet  and  of  a discharge  pipe 
TOO  feet  in  length,  which  would  be  required  to  take  care  of  this  gas 
with  5 pounds  accumulation  in  pressure  at  the  entrance  end  and  at- 
mospheric at  exit  end  was  figured  by  the  Babcock  formula,  and  the 
results  are  shown  by  the  plot,  Fig.  3. 


Fig.  2 
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It  at  once  became  evident  that  it  was  impossible  to  use  dis- 
charge pipes  of  the  large  diameters  called  for  by  this  ])lot. 

The  committee  then  decided  to  make  a safety  valve  discharging 
into  a pipe  where  the  jiressure  might  accumulate  at  time  of  maxi- 
mum discharge  to  0.585  the  entrance  pressure,  or  with  275  pounds 
gage  entrance  pressure  to  154  pounds  gage. 

As  the  weight  passing  through  a valve,  or  through  an  orifice, 
is  just  the  same  in  amount  with  154  pounds  as  hack  pressure  as 
with  atmos])heric  pressure  as  hack  pressure,  the  entrance  jiressure 
in  eacli  case  being  275  pounds  gage,  the  size  of  the  valve  need  not 
he  increased  and  the  discharge  pijie  conveying  the  gases  through  the 
roof  mav  he  made  much  smaller. 

In  such  a valve  the  hack  pressure  must  he  kept  from  acting 
on  the  back  of  the  valve.  Such  a valve  has  been  made  by  Mr, 
Fairbanks  and  was  tested  out  on  his  machine. 

The  same  idea  has  been  embodied  in  a new  steam  safety  valve, 
which  on  test  was  found  to  work  perfectly. 

Your  committee  found  available  no  data  from  which  to  calcu- 
late the  diameter  of  a pipe  of  given  length,  which  is  to  discharge  a 
given  weight  of  gas  ner  minute  entering  at  154  pounds  gage  and 
leaving  at  atmospheric  pressure.  Therefore,  a run  of  jiiping  was 
erected  in  the  engine  room  at  the  Eastern  avenue  plant  and  some 
data  obtained.  A straight  run  of  2"  pipe  260  feet  long  was  also  in- 
stalled at  the  Massachusetts  Institute  of  Technology,  and  a known 
weight  of  saturated  steam  at  high  pressure  sent  into  one  end  of  the 
pipe,  the  other  end  being  open. 

Sufficient  data  was  obtained  from  these  different  experiments  to 
warrant  the  committee  in  fixing  the  sizes  of  the  discharge  pipes  as 
shown  in  Table  IT. 
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Table  II. — Sizes  of  Discharge  Pipes. 


Piston  Displacement 
Cubic  Feet 
Per  Min. 

Diameter 

of 

Valve. 

Diameter  of  Discharge 
Pipe  for  First 
100  Feet. 

120 

34  inch 

1 

280 

Va  “ 

13^ 

510 

1 

134 

830 

“ 

2 

1200 

134  “ 

234 

2120 

2 

3 

l''or  the  second  lOO  feet  the  pipe  should  increase  one  pipe  size, 
and  so  on  for  each  additional  lOO  feet.  Pipe  bent  to  a radius  at 
least  as  great  as  five  pipe  diameters  is  to  be  used  when  it  is  neces- 
sary to  turn  a corner. 

A number  of  commercial  ammonia  safety  valves  were  tested 
by  the  committee.  Some  of  these  were  unreliable  in  their  action 
and  unsatisfactory  in  many  ways. 

BRIEF  SUMMARY  OF  TESTS  ON  FLOW  OF  SUPERHEATED  .\MMONIA  GAS 

THROUGH  AN  ORIFICE 

On  February  26th,  1915,  experiments  were  made  at  head  pre- 
sides varying  from  200  to  218  pounds  absolute,  100  degrees  super- 
heat on  an  orifice  1.0045"  <lianieter  in  a plate  thick.  The  en- 
trance to  the  orifice  was  rounded  with  a smooth  curve  of  radius. 
The  pressure  in  the  orifice  was  taken  through  a hole  1/32"  diameter 
drilled  at  right  angles  to  the  surface  of  the  straight  part  of  the 
orifice  at  a distance  of  34  ' from  the  exit  edge. 

The  ratio  of  orifice  pressure  to  head  pressure  (both  absolute) 
was  0.362  to  I.  This  same  orifice  was  then  drilled  so  that  the 
pressure  could  be  measured  15/32"  from  the  entrance  face.  There 
the  ratio  of  orifice  pressure  to  head  pressure  was  0.40  to  i. 

On  March  ii,  1915,  an  orifice  i"  diameter  in  a plate  i^"  thick 
was  tried.  This  orifice  was  made  with  a smooth  curve,  at  entrance, 
of  1/2"  radius.  The  pressure  in  the  orifice  was  taken  through  a hole 
1/32"  diameter  located  33/64"  from  the  entrance  face.  The  straight 
part  of  the  orifice  was  i"  long.  Pressures  at  entrance  were  varied 
from  84  ])ounds  absolute  to  179  pounds  absolute,  and  the  superheat 
from  1 18  to  160  degrees.  The  ratio  of  orifice  to  head  pressure, 
taking  the  average  of  all  the  readings,  was  0.572  to  i.  If  the  two 
last  readings  were  omitted  (these  evidently  being  in  error)  the 
average  ratio  becomes  0.575.  Table  III  contains  the  results  of 
these  tests. 


TABLE  IV.  FLOW  OF  SUPERHEATED  AMMONIA. 
Entrance  radius  of  orifice,  inch.  Tests  of  March  10,  1915. 


Head  Pressure 

Orifice  Pressure 

Ratio  Orifice  Press, 

Pounds  .Absolute. 

Head  Temperature,  ”F. 

Pounds  Absolute. 

to  Head  Pressure. 

152 

223 

72.  () 

0.478 

129 

221 

(>1  .(> 

0.47(5 

no 

21(i 

52. 1 

0.473 
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On  ^larch  i6,  1915,  experiments  were  made  on  an  orifice  i" 
diameter,  2"  face  to  face  of  flange,  with  curve  radius  at  entrance 
tO| orifice,  and  with  orifice  pressure  measured  9/32"  from  entrance 
face.  As  shown  by  Table  IV,  this  orifice  gave  a ratio  of  orifice 
pressure  to  head  pressure  averaging  0.476  to  i. 

The  orifice  was  then  changed  so  as  to  have  the  curve  at  en- 
trance radius,  leaving  the  straight  part  of  the  bore  long. 

The  pressure  in  the  orifice  was  taken  through  a hole  1/32"  diameter, 
drilled  at  right  angles  to  the  bore  and  25/32"  in  from  the  entrance 
face.  The  observations  with  the  orifice  of  larger  entrance  radius 


are  given  in  Table  V.  The  ratio  of  orifice  pressure  to  head  pres- 
sure was  then  found  to  average  0.585. 

These  tests  were  made  with  head  pressures  varying  from  84 
to  160  pounds  absolute  and  with  from  85  to  116  degrees  superheat. 

On  this  same  date  another  orifice  was  tried.  This  orifice.  Fig. 
4,  was  2",  face  to  face  of  flange,  with  i"  diameter  hole,  having  en- 
trance curve  3^"  radius.  Pressures  in  the  orifice  were  taken  at  four 
places  17/32"  back  from  the  front  face,  and  and  i"  in  from 

the  back  face.  The  pressures  read  from  the  opening  in  from  the 
back  face  were  from  one  to  two  pounds  lower  than  the  readings 
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taken  from  the  other  places.  The  readings  taken  from  the  other 
openings  agreed  very  closely.  The  ratio  of  throat  pressure  to  head 
pressure,  using  the  readings  of  throat  pressure  taken  17/32"  from 
the  front  face,  was  0.585  to  i.  Table  \T  contains  the  results  of 
these  tests. 

It  would  seem  from  these  tests  that  the  radius  of  the  curve  at 
entrance  should  be  at  least  one-half  the  diameter  of  the  orifice,  and 
that  the  straight  part  of  the  orifice  should  be  one  and  one-half  diame- 
ters long. 

With  such  an  orifice  the  absolute  pressure  in  the  orifice  may 
be  assumed  to  be  0.585  of  the  absolute  head  pressure,  provided  the 
back  pressure  is  not  greater  than  0.585  times  the  head  pressure. 

If  the  back  pressure  is  more  than  0.585  times  the  head  pressure, 
then  the  pressure  in  the  orifice  may  be  assumed  to  be  a slight  amount, 
perhaps  one  pound,  above  the  back  pressure. 

The  weight  going  through  an  orifice  per  second  may  be  calcu- 
lated thus: 

V = velocity  in  feet  per  second. 

a = area  of  orifice  in  square  inches  divided  by  144,  or  the  area  of 
the  orifice  in  square  feet. 

- = volume  of  one  pound  of  ammonia  gas  at  the  throat  pressure 
and  condition  in  the  orifice. 

Ih  = heat  content  of  one  pound  of  ammonia  at  head  pressure  and  ' 
condition. 

Ho  — heat  content  of  one  pound  of  ammonia  at  throat  pressure  and 
condition. 

The  condition  in  the  orifice  is  found  by  assuming  an  adiabatic 
expansion  from  head  pressure  and  condition  to  throat  pressure. 

V = 224  V /TT—  Ho. 

rxa 

= weight. 


To  save  interpolation  in  Goodenough  & Mosher’s  tallies,^  two 
plots  have  been  found  useful.  One  plot,  Fig.  5.  gives  the  heat  con- 
tent He  for  any  pressure  and  number  of  degrees  of  superheat.  The 
other,  Fig.  6,  gives  the  volume  for  any  pressure  and  superheat. 

Knowing  the  head  pressure  and  the  degrees  of  superheat,  the 
Heat  Contents  He  can  be  read  ofT  from  Fig.  5.  The  entropy  is 
noted.  Following  down  at  constant  entropy  to  the  pressure  in  the 
orifice,  the  Heat  Contents  H^  can  be  read;  also  the  number  of  de- 
grees the  gas  in  the  orifice  is  superheated. 

On  the  second  plot.  Fig.  6,  follow  up  on  the  same  entropy  to 
the  pressure  in  the  orifice  and  the  volume  of  a pound  at  the  con- 
dition in  the  orifice,  can  be  read. 

The  simple  empirical  formula  already  mentioned,  and  giving 
results  approximately  correct  for  head  pressures  over  150  pounds 

’ The  Properties  of  Saturated  and  Superheated  .\mmonia  V’’apor,  By 
G.  A.  Goodenough  and  William  Earl  Mosher.  Bulletin  No.  f)6.  University  of 
Illinois,  Urbana.  111.,  Jan.  27,  1913. 
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PRESENT  STATUS  OF  BREWERY  REFRIGERATION- 

By  Peter  Xefk,  Canton,  Ohio 

Tt  is  apparent  to  all  that  but  little  attention  at  this  time  is  being 
given  by  our  engineers  to  the  refrigeration  of  breweries. 

The  reason  is  obvious — there  is  not  much  new  work  being  done. 
The  industry  is  still  a very  large  one,  however,  and  refrigeration 
plays  an  important  part  in  it. 

Practically  all  existing  breweries  have  refrigerating  equipment 
in  excess  of  actual  requirements,  and  many  of  them  operate  at  a 
higher  cost  than  necessary. 

The  industry  is  in  the  position  that,  while  it  does  not  demand 
. enlarged  equipment,  it  is  seeking  to  accomplish  what  is  required  with 
less  operating  expense  and  better  conditions ; here  is  our  field  of 
endeavor. 

Lack  of  sufficient  insulation  is  a common  source  of  loss:  Where 
rooms  have  to  be  rebuilt  it  is  now  usually  practicable  to  install  some 
modern  type  of  insulation  ; even  if  no  more  than  3 inches  of  good 
insulation  is  used  a very  large  saving  will  be  effected.  The  insula- 
tion of  e.xjiosed  cold  jiifies  will  also  help  greatly.  Where  one  ma- 
chine can  be  made  to  do  the  work  now  (lone  by  two,  the  gains  come 
fast. 

I have  in  mind  a brewery  where  two  machines  were  constantly 
operated.  During  the  month  of  June  a shaft  broke  in  one  of  these 
machines.  The  brewmaster  was  much  worried,  as  ,it  would  require 
several  weebs  to  install  a new  one.  This  occurrence  gave  them  the 
cheapest  lesson  that  they  could  have  learned,  for  all  that  was  neces- 
sary was  a little  more  attention  on  the  part  of  the  engineer  to  suc- 
cessfully handle  the  work  with  one  machine  running  full  capacity, 
in  place  of  the  two  machines  running  haphazard,  as  was  formerly 
the  case.  We  had  tried  to  impress  this  fact  upon  them  prior  to 
the  accident. 

In  many  plants  machines  and  other  equipment  have  been  added 
without  giving  proper  attention  to  the  connections.  The  loss  of  the 
liquid  seal  in  receivers,  with  its  consequent  loss  of  plant  efficiency, 
is  as  prevalent  here  as  in  other  industries.  Ancient  customs  and 
loose  habits  of  operation  are  to  be  encountered.  This  can  be 
changed  only  by  the  slow  process  of  education. 


* This  pat'cr  is  copyrighted  by  The  American  Society  of  Refrigerating 
Engineers  and  issued  to  the  membership  prior  to  the  meeting  on  Deeem- 
ber  C\  7 and  8.  1015.  at  which  it  will  be  read,  in  order  that  members  may 
prepare  any  discussion  which  they  may  zAsh  to  present.  Jt  is  issued  in 
confidence  and  zAth  the  understanding  that  the  paper  is  not  to  be  reprinted, 
even  in  abstract,  until  after  it  has  been  read  at  the  meeting,  and  then  only 
on  the  authority  of  the  Publication  Committee.  It  is  subject  to  rez’ision  by 
the  author  and  the  Society. 

The  .Society  is  not  responsible  for  statements  or  opinions  advanced  in 
papers  or  in  discussions  at  its  meetings. 
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The  subject  of  refrigeration  for  the  attemperators  must  be 
treated  in  accordance  with  tlie  individual  ideas  of  the  brewmaster, 
which  differ.  Some  use  a small  attemperator  requiring  a low  tem- 
perature  and  a rather  high  velocity  of  the  circulating  medium,  while 
others  accomplish  the  same  result  with  higher  temperature  by  the 
use  of  large  attemperator  coils.  As  a rule,  you  cannot  change  the 
custom,  but  you  can  alter  the  method  employed  to  cool  the  circu- 
lating medium. 

In  a certain  plant  a large  refrigerating  machine  had  at  times  to 
be  continuously  operated  to  do  a small  amount  of  work  in  cooling 
brine  for  the  attemperators.  As  this  was  being  done  in  a small 
tank  with  jiractically  no  insulation,  it  may  be  readily  imagined  what 
the  installation  of  a large  well-insulated  brine  tank  did  for  this  plant. 

Incidentally,  exposed  steam  pi]>es  and  steam  pumps  are  fre- 
quentlv  to  be  found  in  refrigerated  rooms.  Xo  one  seems  to  be  re- 
sponsible for  such  things ; they  have  always  been  there,  and  it  there- 
fore appears  all  right.  There  are  also  many  opportunities  for  the 
improvement  of  the  power  equipment  whereby  savings  may  be 
effected. 

By  far  the  most  interesting  field  for  our  work  is  in  the  fer- 
menting room,  where  the  problem  of  ventilation  must  be  met.  Gases 
produced  by  the  fermentation  must  be  gotten  rid  of.  The  usual 
method  emjiloyed  for  this  is  to  provide  openings  in  the  wall  near 
the  floor,  through  which  a large  amount  of  cold  air  continually 
l)asses,  carrying  the  gases  with  it.  .An  equivalent  amount  of  outside 
air  comes  into  the  room  at  the  same  time,  generally  through  an 
opening  in  the  ceiling.  In  the  summer  this  outside  air  is  frequently 
ladened  with  moisture,  which  causes  the  ceiling  to  drip,  mould  to 
grow,  and  makes  trouble  for  the  brewer  in  many  ways.  Thousands 
of  dollars  have  been  expended  on  this  problem  with  varying  degrees 
of  success.  In  one  instance  where  the  condition  was  exceptionally 
bad,  a firm  of  brewery  architects  advised  the  raising  of  the  ceiling 
some  8 or  lo  feet,  which  involved  an  expenditure  of  approximately 
10,000  without  in  any  way  overcoming  the  difficulty.  An  expendi- 
ture of  less  than  $1,200  finally  accomplished  the  desired  result.  An- 
other method  for  removing  the  gases  is  to  use  an  exhaust  fan.  This 
method  increases  the  amount  of  moisture-ladened  air  introduced, 
with  consequent  disagreeable  results. 

.A  few  years  ago  Mr.  Starr  mentioned  the  use  of  indirect  re- 
frigeration in  the  brewery,  and  referred  to  some  work  done  by  Mr. 
Livezey.  Upon  examination,  I found  this  method  a good  one,  and, 
with  certain  modifications,  have  employed  it  in  several  instances. 
The  fact  that  temperatures  below  32  degrees  are  not  required  makes 
])ossible  the  use  of  a bunker  room  without  defrosting  loss. 

By  effectually  closing  all  openings  in  the  fermenting  room  and, 
at  the  same  time,  providing  for  a continuous  supply  of  fresh  air,  re- 
frigeration and  ventilation  will  be  accomplishecl  economically,  and 
as  a result  the  fermenting  room  will  be  so  dry  that  painting  can  be 
carried  on  in  it  at  any  time. 

W here  other  rooms  are  handled  on  the  same  circuit,  as,  for 
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example,  a shipping  or  racking  room,  sufficient  fresh  air  can  usually 
be  obtained,  while  in  the  case  where  the  fermenting  room  is  to  be 
handled  alone  openings  with  dampers  may  have  to  be  installed. 

Several  things  have  to  be  considered  in  such  installations,  open- 
ings, such  as  stairways  leading  to  floors  below,  are  not  desirable,  as 
they  permit  the  gases  to  settle  in  the  lower  rooms,  for  it  is  a well- 
known  fact  that  such  openings  cannot  be  kept  tightly  closed.  Then, 
too,  the  air  circulation  must  not  be  such  as  to  disturb  the  layer  of 
gas  on  the  top  of  the  fermenting  beer  in  open  tubs.  The  results 
accomplished  by  this  method,  in  addition  to  producing  a sweet  and 
dry  fermenting  room,  are  that  less  pipe  surface  will  be  required  for 
the  refrigeration  of  the  room,  owing  to  the  rapid  circulation  of  the 
air  over  the  pipes;  that  these  pipes  may  be  kept  free  from  a large 
accumulation  of  ice;  that  a saving  in  refrigeration  losses  may  be 
effected  by  having  regulated  openings  for  ventilation,  and  that  de- 
frosting may  be  carried  out  without  loss  of  efficiency.  In  fact,  it 
frequently  happens  that  for  nights  and  Sundays  sufficient  refrigera- 
tion may  be  had  from  the  ice  accumulated  on  the  pipes,  and  the 
necessity  of  operating  the  refrigerating  machine  continuously  may 
be  avoided.  In  one  instance  this  system  has  been  extended  until  it 
now  practically  takes  care  of  the  entire  brewery. 

It  is  impMDSsible  to  lay  down  fixed  rules  for  the  amount  of  pipe, 
capacity  of  fan,  size  and  arrangement  of  ducts,  etc.,  as  each  installa- 
tion offers  different  characteristics  which  must  receive  the  careful 
attention  of  the  engineer.  In  some  instances  the  ordinary  venti- 
lating type  of  fan  is  all  that  is  needed,  while  in  others  the  larger 
type  of  blower  must  be  installed.  In  figuring  the  ducts,  the  cost  of 
installation  and  space  available  must  1^  balanced  against  velocity 
and  friction,  entailing  increased  power  consumption. 

I find  that  brewery  refrigeration  is  far  from  a dead  issue. 
To-day  offers  a field  for  refrigerating  engineering  in  which  econo- 
mies can  be  worked  out  that  are  a revelation  to  brewery  owners. 

Old  prejudices  and  customs  must  be  overcome  with,  tact  and 
perseverance  which  are  just  as  important  requisities  as  education  and 
experience. 


EFFECT  OF  VELOCITY  AND  HUMIDITY  OF  AIR  ON  HEAT 
TRANSMISSION  THROUGH  BUILDING  MATERIALS* 

By  J.  a.  Moyer,  State  College,  Pex.vsylvania 


The  work  of  the  Engineering  Experiment  Station  of  the  Pennsyl- 
vania State  College  in  regard  to  the  transmission  of  heat  through 
various  building  materials  has  been  devoted  to  a study  of  the  effects 
produced  by  varying  velocities  and  humidity  of  air  over  the  material 
tested.  Data  of  this  kind  have  long  been  needed  for  the  satisfac- 
tory and  accurate  design  of  heating  and  refrigerating  systems. 

All  of  the  tests  reported  in  this  paper  were  made  in  the  thermal 
testing  plant  of  The  Pennsylvania  State  College,  where  every  effort 
has  been  made,  without  sparing  expense,  to  eliminate  all  possible 
difficulties,  so  that  accurate  data  may  be  obtained.  The  calorimeter 
is  roomy,  so  that  large  samples  can  be  tested.  The  means  are  also 
available  for  measuring  and  varying  the  velocity  of  the  air;  and  by 
the  use  of  accurate  and  delicate  platinum  resistance  thermometers 
located  in  the  calorimeter  room,  at  the  inside  and  outside  walls  of 
the  material  being  tested,  as  well  as  on  the  surfaces,  and  imbedded 
at  various  distances  in  the  body  of  the  material,  it  is  believed  very 
accurate  determinations  can  be  made. 

This  plant  consists  of  two  separate  brick  buildings.  One  build- 
ing is  50  feet  by  18  feet  and  is  used  to  house  a complete  five-ton  ex- 
perimental refrigerating  plant.  The  other  building,  which  is  really 
the  thermal  testing  room,  is  32  feet  by  32  feet  on  the  outside,  and 
contains  centrally  located  within  its  walls  the  calorimeter  room, 
which  is  17  feet  by  17  feet.  This  room  is  cooled  to  low  temperatures 
by  a number  of  rows  of  brine  coils  set  up  on  three  sides.  Cold 
brine  is  .supplied  from  the  refrigerating  plant  in  the  adjacent  build- 
ing through  2-inch,  heavily  insulated  pipes.  Each  of  the  materials 
to  be  tested  is  made  into  a cubical  box  of  approximately  65  scpiare 
feet  of  outside  surface ; and  this  box  is  then  suspended  in  the  calori- 
meter room  for  testing.  An  electric  fan  and  an  electric  heating  coil 
arc  placed  inside  the  box  for  producing  the  required  uniformly  dis- 
tributed temperature  difference  between  the  inside  and  the  outside  of 
the  box.  P>y  this  method  tests  can  be  made  for  a very  great  range  of 
temperature  differences.  Absolutely  constant  and  uniform  tempera- 
tures can  be  maintained  for  an  indefinite  period  of  time,  and  the 


* This  pat>cr  is  copyrighted  by  The  American  Society  of  Refrigerating 
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method  of  measuring  the  heat  put  into  the  hox  per  unit  of  time  is 
measured  by  accurately  calilirated  voltmeters  and  ammeters  on  both 
the  coil  and  the  fan  circuits.  Direct  or  “continuous”  current  is 
used.  Twenty  platinum  resistance  thermometers  made  by  the  Leeds 
& Xorthrup  Company,  of  Philadeliihia,  according  to  special  designs 
for  this  work,  are  available  for  measuring  the  temperature  inside 
and  outside  the  test-box,  as  well  as  in  its  walls.  Cylindrical  plati- 
num coils  are  used  for  measuring  temperatures  in  all  places  except 
on  the  surfaces  of  the  material  where  thin  platinum  resistance  disks 
less  than  1/50  inch  thick  are  firmly  attached  to  the  surface  on  their 
flat  sides.  Adopting  the  method  proposed  by  the  United  States  Bureau 
of  Standards,  the  temperatures  have  been  observed  in  each  test  of 
such  materials  as  are  obtainable  in  blocks  of  considerable  thickness, 
like  cork-board,  in  the  following  locations : (T ) Two  feet  from  the 
surface  of  the  material  tested,  inside  and  outside;  (2)  one  inch  from 
the  surface,  inside  and  outside;  (3)  on  the  outside  and  inside  sur- 
faces by  absolutely  close  contact;  and  (4)  at  every  inch  of  thickness 
through  the  material,  with  thin,  flat  platinum  resistance  thermome- 
ters, which  can  be  accuratelv  located. 

Some  of  the  most  important  data  obtained  during  the  last  year 
will  be  presented  briefly  in  this  paper  in  the  following  order: 

1.  \*ariation  of  heat  transmission  through  glass. 

(a)  As  affected  by  humidity, 

(b)  As  aflfected  by  velocity  of  air  over  surface, 

(c)  As  affected  by  various  arrangements  for  directing 

the  flowing  air  over  the  surface  tested. 

2.  \'ariation  of  heat  transmission  through  common  red  brick. 

( a^  .As  affected  by  humidity, 

(b  .As  affected  by  velocity. 

3.  \"ariation  of  heat  transmission  through  insulating  brick, 
using  high  temperatures. 

TESTS  ox  TRANSMISSION  OE  GLASS 

The  series  of  tests  studying  the  effect  of  heat  transmission  of 
glass  was  made  upon  a cubical  box  made  of  glass,  dia- 

gramatically  shown  in  bigs.  1-3,  and  having  a mean  surface  area  of 
66.67  square  feet.  The  box  was  placed  in  the  calorimeter  room  and 
supported  about  2 feet  from  the  floor. 

The  eectrlica  helating  coil,  together  with  a small  desk  fan,  was 
placed  on  the  inside  of  the  glass  box,  and  theremometers  placed 
one  inch  from  the  inside  surface  of  the  glass,  as  well  as  one  inch 
from  the  outside.  The  temperature  within  was  controlled  by  the 
electrical  heating  coil,  and  the  air  surrounding  the  glass  box  was 
maintained  constant  by  the  circulation  of  the  brine  in  the  pipes  on  the 
walls  of  the  calorimeter  room.  The  heat  delivered  to  the  box  and 
transmitted  tbrough  the  material  was  measured  in  the  form  of  elec- 
trical energy,  and  the  unit  transmission  for  still  air  calculated  by  the 
following  formula : 
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in  which 


II  = 


i\\XAc-\-Vt'XAt)  3.41 
(/i  — /s)  S 


(I) 


H = unit  transmission  ( B.  t.  u.  per  square  foot,  i)er  hour,  per 
degree  difference  of  temperature  measured  i inch  from 
the  surface  of  the  material  tested,  inside  and  outside  the 
box. 

Fc  = voltage  of  heating  coil. 

Ac  =r  amperes  of  heating  coil. 

Vt  = voltage  of  fan. 

At  = amperes  of  fan. 

3.41  = constant  in  B.  t.  u.  equivalent  for  one  watt-hour. 

U = temperature  of  air  in  box,  1 inch  from  material  tested. 

h = temperature  of  air  surrounding  box,  1 inch  from  material 
tested. 

S ■=  mean  area  of  test  box  (66.67  square  feet). 

'I'est.s  allowing  the  variation  of  the  heat  transinission.s  with 
velocity  were  run  similarly  to  those  previously  described,  but  with  the 
exception  that  one  large  fan  was  used  to  blow  air,  which  was  di- 
rected by  proper  ducts,  along  one  side  of  the  bo.x.  This  velocity 
ran  from  150  to  1,000  feet  per  minute  and  was  regulated  by  dampers 
suitably  located  in  the  ducts.  The  velocity  was  measured  by  means 
of  a carefully  calibrated  anemometer,  averaging  the  readings  for 
several  ])oints  along  the  surface  tested. 

The  heat  transmission  other  than  for  still-air  conditions  was 
calculated  as  follows: 

( F c X ■'■'F  T f ^ X 3'4 * — Si  (^t\  — ti)  III 

H,  = (2) 

( 1 1 — ti')  Si 

Hi  = unit  transmission  of  tested  material  under  still-air  condition 
(B.  t.  u.  per  hour  per  square  foot  per  degree  difference  in 
temperature  measured  i inch  from  inside  and  outside 
surfaces. 

Hi  = unit  transmission  of  material  tested  for  velocity. 

.S',  = area  five  sides  of  test  l)ox  in  still  air  (55.56  square  feet). 

Si  = area  material  tested  (ii.ii  square  feet). 

Fc  = voltage  of  coil. 

Ac  = amperes  of  coil. 

Vt  = voltage  of  fan. 

At  = amperes  of  fan. 

3.41  = constant  ( B.  t.  u.  equivalent  of  i watt-hour), 

/,  = temperature  i inch  from  inside  surface,  (.'\verage.) 

ii  = temperature  i inch  from  outside  surface. 

It  is  to  be  noted  in  applving  formulas  for  heat  transmission  with 
varying  velocity  that  the  value  of  or  the  heat  transmitted  under 
still-air  conditions  may  have  been  determined  under  diflferent  con- 
ditions of  humidity  than  that  for  the  transmission  under  varying 
velocity  conditions.  It  was  then  necessary,  in  order  to  apply  this 
term,  to  find  the  effect  of  humidity  on  the  heat  transmission  so  that 
the  still-air  conditions  may  be  corrected  to  the  conditions  of  the  test. 
The  tran.smission  under  the  given  conditions  of  the  test  were  then 
corrected  to  an  assumed  standard  of  80  per  cent  for  comparison. 

d'he  varying  velocity  in  the  first  series  of  tests  upon  glass  was 
arranged  by  terminating  the  duct  from  the  fan  into  a small,  circular 
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tank  or  receiver  from  which  small  spouts  uniformly  distributed  the 
air  over  the  surface  tested.  The  arrangement  of  apparatus  used  in 
first  series  of  heat  transmission  tests  is  shown  in  Fig.  i and  results 
in  Table  I. 

The  theoretical  disadvantage  of  this  system  was  due  to  the  pos- 
sibility of  the  air  flowing  over  the  surface  in  the  form  of  a jet,  and 
thus  producing  variable  velocities. 


^ir  Spoufs 
2-^’ Diom.  • 


Fii^.  I. — Apparatus  used  in  heat  transmission  tests.  First  series 


Table  I. — Re.sults  of  Tests  Showing  Effect  of  Air  Velocity  upon  the 
Transmission  of  Heat  through  Glass.  Glass  Cube  Equipped  with 
Air  Spouts.  (Fig.  i) 


Air 

Humidity. 

% 

Unit  Trans. 

Unit  Trans. 

Test 

Velocity. 

Given 

Corrected  to 

No. 

Ft.  per  Min. 

Conditions. 

80%  Humidity. 

8 

0 

/ / 

1.1.54 

1.2,34 

9 

400 

80 

1.640 

1.640 

10 

600 

79 

1.858 

1.883 

11 

950 

79 

2.115 

2.140 

In  the  second  scries  of  tests  on  glass  with  varying  velocity,  the 
objection  to  the  use  of  spouts  was  overcome  by  arranging  the  ap])a- 
ratus  so  that  the  air  would  be  delivered  over  the  surface  in  a thin 
sheet.  This  was  accomplished  by  terminating  the  duct  into  a flat- 
tened cone  or  nozzle,  as  shown  in  Fig.  2.  The  results  are  given  in 
Table  II. 

The  arrangement  of  the  apparatus  used  in  the  second  series 
gave  results  that  were  very  high  as  compared  with  the  results  as 
obtained  from  the  first  series.  The  discrepancy  was  thought  to  be  due 
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Table  II. — Results  of  Tests  Showing  Effect  of  Air  Velocity  upon  the 
Transmission  of  Heat  through  Glass.  Glass  Cube  Equipped  with 
Air  Cone,  But  Without  Shield.  (Fig.  2.) 


Test 

No. 

Air 

Velocity. 
Ft.  per  Min. 

1 

Humidity. 

/o 

Unit  Trans. 

Given 

Conditions. 

Unit  Trans. 
Corrected  to 
80%  Humidity. 

12 

0 

84.4 

1.338 

1.230 

13 

350 

80.3 

4.007 

4.000 

14 

600 

75.7 

4.427 

4.530 

15 

1025 

82.6 

4.772 

4.708 

16 

1120 

79.6 

5.600 

5.605 

Atr  (ioz2./e 


J' Orifice 

2“ From  Surface^' 


/; 

Resistance'  /. 


Cubical  Class 
Box  S&'Side 


Fig.  2. — Apparatus  used  in  heat  transmission  tests.  Second  series. 


12  Galvanized 
Iron  Shield 


Fig.  3. — Apparatus  used  in  heat  transmission  tests.  Third  series 
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Tabi.e  III. — Results  of  Tests  Showing  Effect  of  Air  Velocity  on  the 
Transmission  of  Heat  through  Glass.  Glass  Cube  Equipped  with 
Air  Cone  and  I2-Inch  Gaia'anized  Iron  Shield.  (Fig.  3.) 


Test 

No. 

Air 

Velocity. 
Ft.  Per  Min. 

Humiditv. 

% 

Unit  Trans. 

Given 

Condition 

Unit  Trans. 
Corrected  to 
80%  Humidity. 

17 

0 

81.3 

1.263 

1.230 

18 

420 

74.1 

3.409 

3.560 

19 

865 

75.8 

3.798 

3.900 

20 

1000 

79.0 

4.010 

4.035 

21 

1000 

77.2 

3.973 

4.040 

22 

1200 

79.5 

4.207 

4.220 

to  tlie  production  of  eddy  currents  over  the  surfaces  having  ap- 
parently still-air  conditions.  In  the  third  series  of  tests  this  ob- 
'jection  was  eliminated  by  placing  a galvanized  iron  shield  12  inches 
wide  around  the  surface  tested.  The  results  of  the  tests  are  given 
in  Table  III  and  the  apparatus  is  shown  in  Fig.  3. 

The  results  of  the  tests  on  the  effect  of  humidity  upon  the  trans- 
mission of  heat  through  glass  are  given  in  Table  1\’  and  graphically 
shown  in  I'ig.  4. 


Table  IV. — Result.s  of  Te.sts  Showing  Effect  of  Humidity  upon  the 
Transmission  of  Heat  through  Glass.  (Fig.  4.) 


Test 

No, 

Air 

Velocity. 

Ft.  Per  Min. 

Humidity 

% 

Unit 

Transmission. 

1 

0 

77 

1.154 

2 

0 

79 

1 . 129 

3 

0 

81.2 

1.260 

4 

0 

81.3 

1.255 

5 

0 

82.6 

1.256 

6 

0 

84.3 

1.288 

7 

0 

84.4 

1.338 

‘ 74  76  78  80  82  84  86 

PeRCEMT,  RE.LM1VE  HUMIDITY 


Fig.  4. — Curve  showing  the  effect  of  moisture  in  the  air  on  the  heat 

transmission  of  glass 
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The  results  of  the  tests  given  in  Tables  I,  II  and  III  are  re- 
produced graphically  in  Fig.  5. 


Fig.  5. — Curves  showing  the  effect  of  air  velocity  on  the  heat  rransinissioii 

of  glass 

TE.STS  OX  THE  TR.VNS.MISSION  OF  COMMON  RED  BRICK 

The  study  of  the  transmission  of  heat  through  common  red 
brick  was  performed  with  apparatus  similar  to  that  used  in  the  study 
of  the  transmission  of  heat  through  glass.  A brick  cube  was  con- 
structed of  a single  thickness  of  ordinary  red  building  brick  laid  in 
approximately  34‘iiich  lime  mortar.  The  general  outside  dimen- 
sions were  46  inches  square,  thus  making  the  inside  dimensions  38 
inches  square,  as  was  the  case  of  the  glass  cube.  The  heat  was  sup- 
plied to  and  transmitted  through  the  brick  cube,  as  well  as  tempera- 
ture readings,  etc.,  were  obtained  in  the  same  manner  as  described 
for  the  test  made  on  the  glass  box. 

In  the  first  series  of  tests  the  effect  of  humidity  upon  the  trans- 
mission of  heat  was  studied.  This  was  accomplished  under  still- 
air  conditions  and  calculated  by  formula  (1),  the  results  of  which 
are  .shown  in  Table  V. 

In  the  second  series  the  effect  of  varying  the  velocity  was  con- 
sidered. In  this  series  the  apparatus  u.sed  was  identical  to  that 
used  for  glass  in  the  second  series  of  tests,  or,  in  other  words,  by 
the  use  of  an  air  cone  or  nozzle  without  a shield.  The  heat  trans- 
mission was  calculated  by  equation  (2).  Results  of  these  tests  are 
given  in  Table  VI. 
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Table  V. — Results  of  Tests  Showing  Effect  of  Humidity  on  the  Trans- 
MISSION  OF  Heat  through  Common  Red  Brick.  (Fig . 6.) 


Test 

No. 

Air 

Velocity. 
Ft.  Per  Min. 

Humidity. 

% 

Unit 

Transmission. 

23 

0 

81 

.6645 

24 

0 

83.5 

.6986 

25 

0 

83.9 

.7094 

26 

0 

84 

.7035 

27 

0 

86.5 

.7287 

28 

0 

88 

.7617 

29 

0 

89 

.760 

30 

0 

94 

.7780 

Table  VI. — Results  of  Tests  Showing  Effect  of  Air  Velocity  on  the 
Transmission  of  Heat  through  Common  Red  Brick.  Brick  Cube 
Equipped  with  an  Air  Cone,  But  Without  Shield.  (Fi«:.  6.) 


Test 

No. 

Air 

Velocity. 
Ft.  per  Min. 

Humidity. 

% 

Unit  Trans. 
Given 
Conditions. 

Unit  Trans. 
Corrected  to 
80%  Humidity. 

31 

0 

84 

.7035 

.6635 

32 

210 

83.8 

1.157 

.9350 

33 

230 

90.5 

1.081 

.9700 

34 

450 

91. 

1.190 

1.075 

35 

660 

91. 

1.223 

1.110 

36 

660 

89. 

1.251 

1.160 

37 

765 

90. 

1.272 

1 . 155 

38 

850 

91. 

1.280 

1.177 

39 

1050 

91.2 

1.348 

1.230 

40 

1100 

93.8 

1.400 

1.250 

41 

1530 

89. 

1.420 

1.330 

42 

1530 

88. 

1.436 

1.355 

PERCENT.  HUMIDITY 


Fig.  6. — Curves  showing  the  effect  of  air  velocity  ami  humidity  on  the  heat 

transmission  of  common  red  brick 
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Fig.  6 contains  curves  showing  the  effect  of  air  velocity  and 
humidity  on  the  heat  transmission  of  common  red  brick. 


TK.ST.S  ox  THE  TK AXSM  ISSIO.X  OF  HK.\T  THKOL'GII 

HRICK 


IX.SrEATIXG 


'I'he  tests  upon  the  heat  transmission  of  insulating  brick  were 
made  to  study  the  effect  of  the  transmission  of  heat  through  this 
material  under  high  temperature  differences.  The  unit  transmission 
for  this  material  had  never  been  accurately  determined. 

The  apparatus  used  in  testing  the  heat  transmission  of  this 
material  was  identical  with  the  apparatus  used  in  the  tests  of  com- 
mon red  brick,  as  j)reviously  described.  A cube  of  insulating  brick 
was  constructed  by  a single  layer  of  the  bricks,  the  outside  dimensions 
of  which  were  46  inches  square,  thus  making  the  inside  dimension 
38  inches  square,  as  was  the  case  of  the  glass  cube.  The  heat  supplied 
to  the  cube,  as  well  as  temperatures,  etc.,  were  measured  as  in  other 
tests.  -\11  the  tests  were  run  under  .still-air  conditions,  the  surfaces 
tested  being  subject  only  to  the  velocity  created  by  natural  circula- 
tion and  the  internal  temperature  maintained  inside  the  cube  was 
varied  from  800  to  1,700  degrees  Fahrenheit.  The  re.sults  of  these 
tests  are  given  in  Table  \TI  and  shown  graphically  in  Fig.  7. 


Tahle  VIT. — Results  of  Tests  Showing  Effect  of  Temperature  in  the 
Transmission  of  Insulating  Bricks.  Still-.\ir  Conditions.  (Fig.  7.) 


Test 

No. 

Air 

Velocity. 
Ft.  Per  Min. 

Humidity. 

% 

Room 

Temp. 

°F. 

Box 

Temp, 

Unit 

Trans. 

43 

0 

45.3 

84.7 

1695 

.2851 

44 

0 

59.3 

82.33 

1228 

.2370 

45 

0 

71. 

80.0 

830 

.1963 

TEMPERATURC(FAHR)  WITHIH  TEST  BOX 


Fig.  7. — Curve  showing  the  effect  of  temperature  on  the  heat  transmission 

through  insulating  brick 
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CONCLUSION 

These  data  show  that  die  transmission  through  glass  and  red 
brick  is  increased  very  materially  with  increase  in  humidity.  Thus  . 
for  glass  the  unit  transmission  was  increased  0.25  R.t.u.  by  in- 
creasing the  humidity  from  74  to  84  per  cent,  which  is  equivalent  to 
a change  of  24  per  cent  in  transmission  for  a variation  of  10  per 
cent  in  relative  humidity.  For  red  brick  the  unit  transmission  was 
increased  0.102  B.t.u.  by  increasing  the  relative  humidity  from  80  to 
90  per  cent,  which  is  equivalent  to  a change  of  15  per  cent  for  a 
variation  of  10  per  cent  in  relative  humidity. 

The  effect  of  velocity  on  the  transmission  of  heat,  as  shown 
by  the  data,  varies  greatly,  depending  upon  the  arrangement  for 
conducting  the  air  over  the  surface  tested.  In  the  case  of  glass  the 
unit  transmission  corrected  to  80  per  cent  humidity,  and  at  1,000 
feet  per  minute  velocity  has  these  values:  2.19  R.t.u,  for  a cube 
equipped  with  spouts;  4.00  R.t.u.  for  cube  equipped  with  air  cone^ 
alone.  These  factors  show  very  conclusively  that  in  studying  the 
effect  of  velocity  upon  the  transmission  of  heat  through  a ma- 
terial, the  arrangement  of  apparatus  for  protecting  that  portion  of 
the  material  which  is  considered  under  still-air  conditions  is  of  the 
utmost  importance.  It  is  true,  the  arrangement  of  the  apparatus  a^ 
used  in  the  first  series  of  velocity  tests,  or,  in  other  words,  equipping 
the  glass  cube  with  the  air  spouts,  gave  values  which  are  low,  due  to 
the  variable  velocities  produced  by  the  jets,  while,  on  the  other  hand, 
the  failure  to  protect  the  surfaces  not  directly  acted  upon  by  the 
moving  air  gives  too  high  results.  In  all  probability  the  results 
with  the  use  of  air  cone  and  shield,  or  as  shown  in  the  second  series 
of  tests  upon  glass,  give  the  best  results.  .Assuming  this  to  be  true, 
it  is  interesting  to  note  that  in  the  case  of  glass  the  unit  transmission 
when  corrected  to  80  per  cent  humidity  gave  an  increase  of  2.78 
R.t.u.  for-  an  increase  of  velocity  from  o to  1,000  feet  per  minute, 
which  is  equivalent  to  an  increase  of  220  per  cent  per  1,000  feet  per 
minute  of  air  velocity. 

The  Engineering  Experiment  Station,  in  continuing  the  study 
of  the  effect  on  heat  transmission  with  varying  velocities  of  air  by 
different  arrangements  of  apparatus,  is  replacing  the  glass  cube  as 
used  in  the  tests  reported  here  by  making  five  sides  of  the  cube  of 
cork  board  and  the  sixth  of  glass.  It  is  thought  that  by  this  arrange- 
ment the  effect  of  eddy  currents  upon  the  surfaces  assumed  to  be  in 
still  air  may  be  practically  eliminated  owing  to  the  small  unit  trans- 
mission of  cork. 

The  transmission  of  heat  through  common  red  brick  was  ob- 
tained by  use  of  apparatus  similar  to  that  shown  for  glass  in  the 
second  series  of  tests  or  the  brick  cube  was  equipped  with  air  cone 
without  shield.  These  results,  judging  from  the  effect  of  the  ar- 
rangement as  shown  in  the  tests  on  glass,  will  be  high.  But  the  per- 
centage of  error  introduced  will  be  small,  owing  to  the  low  value  of 
the  unit  transmission  of  brick.  The  results  of  these  tests  on  com- 
mon red  brick  when  corrected  to  80  per  cent  relative  humidity  show 
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on  increase  in  unit  transmission  of  0,56  Ij.t.u.  for  an  increase  of  an 
air  velocity  from  o to  1,000  feet  per  ipinute,  which  is  equivalent  to 
an  increase  of  84  per  cent  for  an  increase  of  1,000  feet  per  minute 
’ in  velocity. 

These  results  seem  to  indicate  that  in  the  calculations  for  the 
design  of  heating  and  refrigerating  plants  the  old  method  in  which 
an  exposure  factor  is  assumed  to  cover  the  effect  of  velocity  should 
be  revised. 

The  increase  in  heat  transmission  due  to  the  same  velocity  is 
not  the  same  for  all  materials,  and  that  instead  of  the  use  of  an 
assumed  constant  which  is  the  same  for  all  materials,  new  values 
should  be  obtained  for  each  material.  The  effect  of  humidity  is  an- 
other factor  which  has  heretofore  been  neglected,  and,  while  under 
ordinary  conditions,  may  not  effect  the  transmissions  in  a practical 
sense,  yet  in  installations  when  the  humidity  is  high  this  increase 
in  the  transmission  should  not  be  overlooked. 

In  the  test  made  upon  insulating  brick,  while  the  number  of 
tests  were  small,  no  definite  conclusions  can  be  drawn,  but  from  the 
results  obtained  the  unit  transmission  does  not  remain  constant,  and 
varies  considerably  with  the  temperature  within  the  test  box. 


' STEAM  ECONOMY  OF  AN  ABSORPTION  REFRIGERATING 

MACHINE 

By  Clarence  W.  Vogt,  Louisville,  Ky. 

The  great  development  of  the  internal  combustion  engine,  which 
has  taken  place  in  recent  years,  gives  rise  to  the  question:  To  what 
extent  will  this  prime  mover  supersede  steam,  our  faithful  servant 
of  the  past? 

Because  of  its  comparatively  high  thermal  efficiency,  the  internal 
combustion  engine  using  oil  for  fuel  has  the  advantage  in  certain 
fields.  With  the  low  price  of  oil  prevailing  in  the  United  States,  it 
may  become  as  popular  here  as  is  the  producer  gas  engine  in  Great 
Britain. 

Where  power  alone  is  required,  and  where  the  heat  of  evap- 
oration of  the  steam  cannot  be  reclaimed  for  useful  purposes,  the 
steam  plant  will  be  superseded  by  more  efficient  power  generators, 
such  as  hydro-electric  or  oil  engine  power. 

As  refrigerating  engineers,  we  are  especially  interested  in  steam, 
oil  or  gas  from  the  standpoint  of  their  adaptability  to  the  class  of 
machinery  with  which  we  are  dealing.  Therefore,  let  us  consider  the 
various  kinds  of  fuel  in  their  application  to  the  operation  of  ice 
and  refrigerating  machinery. 

Most  of  us  have  seen  the  diagram,  in  one  form  or  another, 
showing  graphically  the  small,  very  small,  percentage  of  “efficiency” 
representing  heat  output  compared  with  heat  input,  Fig.  i,  where 
only  the  sensible  heat  of  the  steam  is  utilized  in  adiabatic  expansion 
within  the  cylinder  of  an  engine. 

If  we  cannot  avail  ourselves  of  the  large  latent  heat  component, 
designated  by  C on  the  diagram,  we  must  accept  a thermal  efficiency 
which  is  insignificant. 

The  alisorption  tyjie  of  ice  and  refrigerating  machine,  however, 
lends  itself  admirably  to  the  utilization  of  this  large  amount  of  heat 
in  the  exhau.st  steam.  To  bring  out  this  point  clearly,  let  us  consider 
a plant  of  loo  tons  ice  making  capacity  per  day.  The  minimum 
amount  of  steam  necessary  for  the  duty  recjuired  of  such  a machine 
is  limited  by  the  steam  consumption  of  the  ammonia  generator.  For 
a conservative  basis  of  figuring,  this  may  be  taken  at  6o  lbs.  per 
hour  per  ton  of  ice  making  capacity. 

In  order  to  prove  that  this  quantity  of  6o  lbs.  is  a liberal  allow- 


* This  paper  is  copyrighted  by  The  American  Society  of  Refrigerating 
Engineers  and  issued  to  the  membership  prior  to  the  meeting  on  Decem- 
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prepare  any  discussion  which  they  may  lAsh  to  present.  It  is  issued  in 
confidence  and  xvith  the  understanding  that  the  paher  is  not  to  be  reprinted, 
even  in  abstract,  until  after  it  has  been  read  at  the  meeting,  and  then  only 
on  the  authority  of  the  Publication  Committee.  It  is  subject  to  retdsion  by 
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ance,  Table  I is  submitted,  based  on  a log  sheet  taken  from  a recent 
test  of  a 40-ton  absorption  machine. 

You  will  note  from  this  test  that  the  steam  condensed  per  ton 
of  refrigeration  was  28.62  lbs.  per  hour  by  actual  weight.  Also, 
that  the  temperature  of  the  Cooling  water  supplied  was  never  lower 
than  75  degrees  F.,  and  the  head  pressure  150  lbs. 

Furthermore,  the  temperature  of  the  brine  was  -f-6  degrees  F., 
which  is  five  or  six  degrees  lower  than  the  temperature  maintained 
in  the  average  ice  tank.  These  two  conditions  tend  to  increase  the 
steam  consumption  over  the  amount  that  would  be  necessary  with 
60  degrees  cooling  water,  and  eleven  or  twelve  degree’ brine. 

To  ascertain  the  amount  of  condensation  per  ton  of  ice  making 
capacity,  it  is  only  necessary  to  double  the  consumption  mentioned, 
although  .some  authorities  figure  only  tons  refrigeration  per  ton 
of  ice  making  capacity.  Hence,  we  have  28.62  X 2 = 57.24  lbs.  of 
condensation.  Evidently  our  figure  of  60  lbs.  of  steam  per  ton  of 
ice  making  capacity  is  conservative,  and  larger  than  tlie  amount  ac- 
tually required  in  plants  where  the  exchanger  and  other  parts  are 
properly  proportioned.  I mention  the  exchanger  in  this  connection, 
because  when  its  surface  is  insufficient,  the  rich  liquor  enters  the 
generator  with  a correspondingly  lower  temperature,  so  that  addi- 
tional heat  is  re([uired  to  bring  it  to  the  temperature  at  which  the 
gas  is  driven  off. 

Sixty  pounds  of  .steam  per  hour  means  two  boiler  horsepower 
per  ton  of  ice  making  capacity,  or  200  boiler  hor.sepower  for  a too 
ton  plant,  provided  the  plant  is  equipped  to  make  ice  from  raw 
water.  This  is  the  only  fair  comparison  to  make,  because  with  dis- 
tilled water  ice  the  oil  or  gas  engine  is  at  a great  disadvantage. 

The  purpose  of  this  paper  is  to  show  that,  although  tlie  average 
engineer,  without  second  thought,  concedes  the  raw  water  ice  mak- 
ing field  as  naturally  belonging  to  the  compression  type  of  machine, 
this  concession  is  not  justified,  and  therefore  the  properly  designed 
absorption  machine  may  be  expected  to  successfully  enter  this  field 
in  competition  with  compression  machines. 

Returning  to  our  figures  we  find  that  the  amount  of  steam  re- 
quired is  6,000  lbs.  per  hour,  or  200  boiler  horsepower  capacity, 
while  a compression  machine  of  equal  capacity,  if  driven  by  a simple 
Corliss  engine,  requires  300  boiler  horsepower.  With  the  absorption 
machine  no  boiler  feed  water  heater  is  needed,  nor  even  a boiler 
feed  pumj),  provided  a return  trap  is  used  for  returning  condensa- 
tion to  the  boilers. 

The  auxiliaries  in  an  ice  plant  require  from  to  ^ brake 
horsepower  per  ton  of  ice  making  capacity.  The  steam  consumption 
of  these  auxiliaries,  when  working  against  a back  pressure  of  15  lbs., 
will  be  materially  less  than  the  amount  required  by  the  ammonia 
generator,  which,  as  stated,  will  not  exceed  6,000  lbs.  per  hour, 
and,  therefore,  the  auxiliaries  may  use  on  an  average  100  lbs.  of 
steam  per  brake  horsepower  per  hour  and  still  no  steam  will  be 
wasted. 
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Table  II*  is  a reprint  of  the  one  found  in  the  A.  S.  R.  E. 
Journal,  July,  1915,  pages  46,  47,  with  one  column,  9,  added  at  the 
bottom.  The  figures  given  in  this  table  are  only  apiiroximate,  but  I 
am  sure  they  are  fair  and  not  random  computations.  You  will  note  in 
column  9 that  the  cost  of  operating  the  absorption  machine  per  day, 
excluding  interest  on  inve.stment  or  depreciation,  compares  favorably 
with  the  other  types  shown  in  the  table.  The  figures  given  in 
column  9 may  be  accepted  as  conservative,  based  on  tests  and  records 
taken  from  actual  operation. 

The  investment  from  which  interest  and  dejireciation  must 
be  figured  will  be  seen  from  the  end  column  to  come  well  under  the 
cost  of  any  of  the  other  power  sources  showing  a corresjiondingly 
low  cost  of  operation. 

These  two  items  must  be  considered  together  in  order  to  arrive 
at  a decision  as  to  the  most  profitable  inve.stment.  For  example, 
let  us  conijiare  the  absorption  machine  using  coal  at  $2.00  per  ton, 
with  the  oil  engine  using  oil  at  3 cents  a gallon.  The  cost  per  day,  ex- 
clusive of  interest  on  investment  and  dejireciation,  will  be  jiractically 
eijual.  I)Ut  when  we  consider  that  the  oil  engine  jiower  plant  will  cost 
$12,000  more  than  the  steam  jilant  of  the  absorption  machine,  it  is 
easily  seen  that  the  added  inve.stment  necessary  could  never  show  a 
profit.  Again,  drawing  a comjiarison  between  the  absorption  machine 
and  an  electrically-driven  compressor  ; where  coal  costs  $2.50  jier  ton, 
and  electricity  is  jiurchased  at  cent  jier  kilowatt  hour,  it  will  be 
seen  that  its  operating  cost  will  lie  $17.40  less  jier  day,  exclusive  of 
interest  and  depreciation.  Since  the  cost  per  horsejiower  of  the 
power  plant  multiplied  by  the  number  of  hor.scjiower  recjuired  in 
each  case' is  almost  equal,  .showing  le.ss  than  $800  in  favor  of  the 
electrically-driven  plant,  this  added  investment  is  j:iaid  for  by  the 
decrease  in  operating  expenses  at  the  rate  of  over  300  j)er  cent  |:>er 
year,  figuring  150  days  oj)eration,  thus  $17.50  X 150  = $2,610,  which 
is  the  difference  in  cost  of  operation  per  year.  On  this  basis  the 
absorption  machine  would  be  more  profitable,  even  if  its  first  cost 
would  exceed  that  of  the  electrically-driven  compression  machine 
by  $13,000,  although,  as  stated,  the  first  cost  of  the  two  will  be  almost 
equal.  This  not  only  holds  good  in  the  two  cases  cited,  but  in  the 
case  of  each  type  shown. 

With  the  advent  of  raw  water  ice,  the  absorption  machine  will 
not  be  limited  to  refrigerating  work — it  will  continue  to  compete 
in  ice  making  duty  as  heretofore,  because  of  its  economy  and  profit- 
producing  power. 


* Table  II  originally  was  i)re|)are<l  by  the  .Arctic  Ice  Machine  C.oinpany,  Canton,  Ohio, 
as  stated  in  The  Journal,  September,  1915,  page  80,  and  published  in  the  General  Electric 
Reriexe. 


THE  QUINCY  MARKET  SAFETY  VALVE  FOR  AMMONIA 

COMPRESSORS 

Bv  F.  L.  Faikuanks,  Boston,  Mass. 

While  assisting  the  Massachusetts  Hoard  of  Boiler  Rules  in 
its  endeavor  to  find  a reliable  safety  valve  for  ammonia  compres- 
sors, the  writer  had  occasion  to  perfect  a valve  which  was  already 
in  use  at  the  plant  of  the  Quincy  Market  Cold  Storage  & Warehouse 
Co.,  Boston,  Mass. 

Tests  were  made  at  the  plant  mentioned  of  six  different  makes 
of  ammonia  safety  valves  under  various  conditions  and  pressures. 
Most  of  these  tests  were  witnessed  by  members  of  the  Board  of 
l^>oiler  Rules  and  by  members  of  the  A.  S.  R.  E.  Committee  on 
Regulations  for  Refrigerating  Plants,  appointed  for  this  purpose. 

The  conclusions  drawn  from  these  tests  were  as  follows: 

1.  — That  valves  with  iron  or  steel  seats  were  not  safe,  for  the 
reason  that  the  disc  is  readily  corrodefl  to  its  seat  by  a small  amount 
of  moisture,  two  of  the  six  valves  tested  failing  to  open  at  350  to 
375  lbs.,  although  they  were  set  at  250  lbs. 

These  valves  upon  being  dissembled  were  found  to  be  rusted 
solidly  to  their  seats  and  to  the  winged  guide  in  the  port ; this  was 
undoubtedly  due  to  the  small  amount  of  moisture  left  by  the  steam 
which  was  used  by  the  maker  to  test  the  valve  and  set  the  spring, 
notwithstanding  the  fact  that  the  rust  was  perfectly  dry  when  the 
valve  was  taken  apart. 

2.  — That  the  cast  iron  valve  discs,  with  wdnged  guides  in  the 
port,  would  not  stand  well  the  excessive  chattering  and  hammering 
on  its  seat,  to  which  most  of  the  valves  were  subject  when  opening 
and  closing,  this  being  due  to  the  surging  of  gas  pressure  w'hich  is 
always  present  in  the  discharge  line  of  a compressor,  especially  at 
higher  speeds. 

One  of  the  valves  broke  off  its  winged  guide  in  the  port  and 
w'edged  the  disc,  so  that  the  line  had  to  be  shut  oflf.  Examination 
showed  that  the  metal  of  both  seat  and  guide,  which  were  of  cast 
iron,  were  of  good  material  and  sound,  the  fracture  being  caused 
by  the  heavy  chatter  and  pound  as  it  opened  and  returned  to  its  seat. 

* This  paper  is  copyrighted  by  The  American  Society  of  Refrigerating 
Engineers  and  issued  to  the  membership  prior  to  the  meeting  on  Decem- 
ber 6,  7 and  8,  1915.  at  ‘lohich  it  will  be  read,  in  order  that  members  may 
prepare  any  discussion  which  they  may  wish  to  present.  It  is  issued  in 
confidence  and  with  the  understanding  that  the  paper  is  not  to  be  reprinted, 
ez>en  in  abstract,  until  after  it  has  been  read  at  the  meeting,  and  then  only 
on  the  authority  of  the  Publication  Committee.  It  is  subject  to  rezision  by 
the  author  and  the  Society. 

The  Society  is  not  responsible  for  statements  or  opinions  advanced  in 
papers  or  in  discussions  at  its  meetings. 
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3.  — That  the  capacity  of  all  the  valves,  except  the  pop  valve. 

was  verv  low. 

•>' 

4.  — That  the  pop  valve  gave  practically  no  warning  when  it 
was  about  to  blow,  and  for  this  reason  would  be  dangerous  to  any- 
one who  might  be  in  the  path  of  the  discharge  when  it  opened.  Also, 
that  the  seat  of  the  pop  valve  could  not  stand  the  blow  of  the  valve 
when  closing,  and  remain  tight. 

5.  — That  none  of  the  valves,  notwithstanding  their  low  capacity, 
could  discharge  through  a pipe  line  no  larger  than  their  discharge 
outlet  and  still  maintain  their  .setting  and  character. 

It  was  shown  that  a 2-inch  valve  would  recpiire  a 6-inch  pipe 
connection  to  carry  its  discharge  gas  the  first  100  feet,  with  a pro- 
portionate increase  for  each  added  length,  and  this  without  taking 
into  consideration  bends  or  fittings  which  would  be  necessary  in 
most  cases.  Discharge  pipe  lines  with  te.st  gauges  were  erected,  so 
that  this  feature  could  be  definitely  demonstrated,  the  line  being  so 
constructed  that  readings  could  be  taken  for  both  50  feet  and  100 
feet. 

The  regulations  formulated  were  based  upon  the  knowledge 
gained  from  these  tests,  and  it  was  then  found  that  to  comi)ly  with 
the  regulations  an  entirely  different  form  of  safety  valve  from  any 
obtainable  would  have  to  be  designed. 

The  writer  was  selected  to  do  this  work,  in  as  much  as  the  valve 
then  in  use  in  our  plants  reciuired  only  minor  changes  to  enable  it 
to  meet  the  conditions  specified.  This  has  been  done,  the  valve 
thoroughly  tested  out,  and  it  has  been  accepted. 

* DESCRIPTION  OF  THE  VALVE 

The  Ouinev  Market  safetv  valve  is  .shown  in  Fig.  i.  It  has  no 
guide  in  the  port,  being  guided  by  a bushing  pressed  into  the  valve 
body  and  by  a cylindrical  jiiston  which  is  a part  of  what  would  be 
called  the  valve  disc. 

This  bushing  is  bored  and  reamed  after  being  pressed  in,  and 
all  alignment  of  the  valve  depends  upon  this  bushing,  the  seat  being 
reamed  through  it  as  a guide,  thereby  making  all  parts  of  valve  body 
and  bonnet  self-centering  and  self-aligning. 

The  valve  is  cone  pointed  to  present  the  least  possible  resistance 
to  the  flow  of  gas,  and  is  turned  to  an  angle  of  60  degrees,  the  .seat 
being  reamed  1/32  inch  wide  and  the  angle  being  57  degrees,  this 
allowing  the  valve  to  seat  on  an  edge  and  not  on  a flat  surface. 

The  piston  guide  is  of  sufficient  exce.ss  area  to  secure  the  charac- 
teristics called  for  in  the  regulations,  and  to  cause  the  valve  to  open 
wider  as  the  gas  discharge  increases  and  the  back  pressure  builds 
up;  the  construction  being  such  that  the  valve  has  these  same  feat- 
ures whether  it  is  discharging  through  500  feet  of  pipe  or  directly 
from  the  valve  outlet. 

It  has  the  very  desirable  feature  for  ammonia  work,  of  opening 
at  any  predetermined  point,  the  same  as  an  old-fashioned  lever 
safety  valve,  giving  the  operator  sufficient  warning  to  enable  him 
to  remedy  the  trouble  in  many  cases ; when  this  point  is  reached  the 
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Fig.  1. — The  Quincy  Market  ammonia  compressor  safety  valve 
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valve  continues  to  open  as  the  pressure  on  the  discharge  side  backs 
up  on  the  increased  area  of  the  piston  guide,  the  entire  range  being 
gradual  and  continuous  until  the  back  pressure  reaches  0,585  of  the 
initial  pressure,  thus  giving  in  a valve  practically  the  capacity  and 
character  of  a Napier  orifice. 

The  return  movement  is  like  the  opening  movement,  the  valve 
leaving  and  returning  to  its  .seat  without  chatter  or  shock  of  any 
kind. 

The  non-corrosive  metal  used  was  originated  by  the  writer,  and 
is  the  same  as  has  been  in  service  in  steam  and  ammonia  valves  at 
the  plant  of  the  Quincy  Market  Cold  Storage  & W’archouse  Com- 
pany for  over  eight  years.  It  is  not  affected  by  any  of  the  common 
corrosive  elements  and  is  very  hard — so  hard,  in  fact,  that  it  re- 
quires grinding  to  get  a good  surface. 

The  capacity  of  this  valve*  was  demonstrated  by  tests  in  which 
the  gas  from  two  26-inch  by  48-inch  single-acting  cylinders  at  60 
revolutions  per  minute  was  discharged  through  100  feet  of  i^-inch 
pipe  having  seven  elbows ; the  initial  pressure  being  272  lbs,,  and  the 
back  pressure  on  the  discharge  outlet  of  the  valve  only  130  lbs.  per 
square  inch  gauge,  or,  in  other  words,  the  valve  handled  easily  a dis- 
placement of  1,700  cubic  feet  per  minute,  with  30  lbs.  to  spare  on 
the  outlet  side  of  the  valve,  and  this  without  chatter,  shock  or  any 
other  sign  of  distress. 

DE.SCRIPTION  OF  DIFFUSER 

The  inlet  to  the  nozzle  is  to  be  of  the  same  diameter  as  the 
outlet  of  the  safety  valve.  The  diffuser  shall  be  attached  in  a ver- 
tical position  and  made  to  prevent  obstruction  of  its  openings  by 
rain,  snow,  ice  or  otherwise,  and  not  likely  to  be  seriously  corroded 
by  the  gases  or  liquids  with  which  it  comes  in  contact. 

The  type  of  diffuser  illustrated  by  Fig,  2 embodies  the  princi- 
ples neces.sary.  It  will  be  seen  to  be  a simple  gas  ejector,  mixing 
the  issuing  ammonia  gas  with  a large  proportion  of  air,  so  as  to 
dilute  and  break  it  up  thoroughly,  with  no  chance  of  obstruction, 
and  discharge  u])ward.  It  is  made  of  cast  iron  in  the  various  sizes 
called  for  in  the  regulations. 
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THE  RATE  OF  HEAT  TRANSFER  IN  DOUBLE-PIPE 

BRINE  COOLERS* 

By  Fkki)  Ophuls  and  Van  R.  H.  (]kkene,  Xew  Vokk,  N.  Y. 

ABSTRACT  AND  DISCT’SSION 

The  object  of  the  paper  is  to  present  a method  of  analyzing 
brine  cooler  performance,  and  work  out  data  of  sufficient  accuracy 
to  permit  of  designing  double-pij)e  brine  coolers  for  any  desired 
brine  temperature  range. 

A brief  description  of  the  test  plant  is  given,  also  a diagram- 
matic sketch  showing  its  arrangement. 

It  is  pointed  out  that,  in  designing  these  coolers,  the  resistance 
offered  to  the  brine  flowing  through  them  must  be  taken  into  con- 
sideration. Before  making  the  test  runs  for  obtaining  data  on  the 
rate  of  heat  transfer,  tests  were  made  to  determine  the  change  in 
the  brine  friction  with  the  varying  quantities  of  the  brine  pumped 
through  such  coils.  Tables  i and  2 give  the  results  of  all  these 
tests.  Plates  i and  2 show  the  curves  found.  To  make  this  data 
available  for  designers,  a new  constant  to  represent  these  test  re- 
sults was’ found  for  .Arthur  J.  Martin’s  formula  giving  the  friction 
of  fluids  in  pipes.  The  final  ecpiation  3 can  be  safely  used  to  deter- 
mine the  friction  losses  in  flat  pij)e  coils,  similar  to  those  of  the 
coolers  tested. 

The  subject  of  heat  transfer  is  introduced  by  a discussion  of 
the  phenomena  producing  a change  in  the  heat  transfer  with  a 
change  in  the  fluid  speeds  and  of  the  complications  which  arise  when 
analyzing  such  test  results.  The  basic  formula,  which  states  that 
the  rate  of  heat  transfer  is  equal  to  a constant  times  the  square  root 
of  fluid  velocity  is  used  to  analyze  the  results. 

The  paper  gives  in  detail  all  average  readings  of  the  tests  used 
in  the  calculation  (see  Table  3).  The  method  adopted  in  figuring 
the  rate  of  heat  transfer  is  shown  in  Table  4.  It  was  found  that, 
when  plotting  the  rate  of  heat  transfer  against  the  speed  of  the 
brine  in  the  coolers,  no  .satisfactory  curve  could  be  found  which 
would  represent  the  results  obtained.  .A  similar  plot  using  the  final 
speed  of  the  ammonia  vapor  in  the  cooler  was  not  productive  of 
better  results.  This  led  the  authors  to  believe  that  the  rate  of  heat 
transfer  varied  not  only  with  the  speed  of  the  brine,  but  also  with 
the  mean  speed  of  the  ammonia  vapor  in  the  coolers. 

To  obtain  the  mean  speed  of  the  ammonia  vapor  in  the  coolers, 
the  increase  in  vapor  speed  in  the  annular  space  was  found  from  the 
decrease  in  the  temperature  of  the  brine  as  it  passed  from  one  pipe 
to  the  other.  Readings  of  these  temperatures  had  been  taken'  at 
various  times,  b'rom  these  data  it  was  possible  to  ex]>ress  with  some 
accuracy  the  variation  of  vapor  .speed  in  the  form  of  equation  6. 


* Read  at  Fourth  Western  Meeting,  San  Francisco,  Cal.,  September 
23  and  24,  191.S.  Complete  paper  appeared  in  The  Journal.  September,  1915. 
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By  integrating  this  equation  between  proper  limits  tlie  arithmetic 
mean  vapor  speed  is  found.  Tlie  rate  of  heat  transfer  is  [ilotted 
against  the  mean  speed  of  the  ammonia  vapor  plus  the  speed  of  the 
brine.  The  results  so  obtained  are  not  satisfactory,  as  will  be  seen 
from  curve  and  points  in  Plate  6. 

If  the  form  of  the  basic  equation  is  correct,  the  mean  speed 
of  the  ammonia  vaj)or  which  should  be  used  in  this  analysis  would 
be  the  mean  square  root  speed.  It  was  found,  however,  that  the 
value  of  the  mean  square  root  speed  differed  but  slightly  from  the 
arithmetical  mean  speed,  and  the  results  of  the  new  plot  shown  on 
Plate  7 required  further  analysis.  For  this  purpose  the  tempera- 
ture of  the  ammonia  at  various  points  in  the  annular  space  of  the 
coolers  was  available,  and  it  was  found  that  the  lack  of  uniformitv 
in  the  location  of  the  points  plotted  was  not  due  to  the  inaccuracy 
of  the  basic  equation,  but  due  to  the  fact  that  in  a great  many  of  the 
tests  an  insufficient  supply  of  liipud  ammonia  had  been  fed  to  the 
coils,  so  that  a large  part  of  the  cooling  surface  was  not  effectively 
used.  By  correcting  the  test  results  in  view  of  this  information,  as 
well  as  could  be  done,  it  was  found  that  very  much  better  plots 
were  obtained.  However,  the  points  shown  on  these  plots  (see 
Plate  9)  do  not  cover  a wide  enough  range  of  the  heat  transfer 
coefficient.  Further  tests  should  be  made  with  greater  variations 
in  brine  and  ammonia  speeds  and  tonnage.  Tbe  final  equation  10 
is  therefore  only  approximate. 

The  insufficient  supiily  of  liquid  ammonia  to  the  coolers  was 
caused  by  the  constant  li(|uid  head  maintained  by  the  accumulator 
attached  to  the  coolers.  For  making  such  tests,  hand  operated  ex- 
pansion valves  should  be  u.sed,  and  if  the  effect  of  the  flooded  sys- 
tem on  the  brine  coolers  of  this  type  is  to  be  determined,  a liquid 
cooler  operated  by  a separate  expansion  valve  should  be  used,  or 
an  accumulator  installed  whose  height  above  the  coolers  can  be 
v^aried  to  suit  the  load  on  the  coolers. 

The  conclusions  arrived  at  are,  that  the  basic  equation  can  be 
.safely  used  in  this  connection,  and  that  for  high  temperature  ranges 
of  the  brine  it  is  necessary  to  u.se  several  banks  of  coolers  through 
which  the  brine  Hows  in  .series  and  the  ammonia  liquid  in  parallel. 

iHSCussrox 

Henry  Torrance. — This  is  a very  interesting  paper.  The  au- 
thors are  well  versed  in  the  laws  relating  to  heat  transmission.  They 
Fave  developed  an  excellent  formula,  but  before  applying  it  one 
must  be  sure  that  the  engineer  will  manipulate  the  expansion  valves 
to  suit  the  thermometer  readings,  taken  at  each  return  bend  of  each 
brine  cooler,  so  the  vapor  will  leave  just  in  a saturated  condition. 
The  company  I am  with  has  installed  many  shell  tyjie  brine  coolers, 
but  if  it  had  to  first  calculate  the  cajiacity  by  means  of  a formula, 
such  as  the  one  proposed,  very  few  would  have  been  installed  by  it. 

It  seems  to  me  that  this  paper  nails  the  lid  on  the  coffin  of  the 
double-pipe  type  of  brine  cooler.  It  is  exjx^nsive  in  first  cost,  ex- 
travagant in  power  consumption,  clumsy,  and  difficult  to  operate. 
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The  best  result,  apparently,  was  obtained  at  test  Xo.  502,  when 
the  mean  temperature  was  5.8  degrees  F.  The  surface  recpiired 
was  29  square  feet  per  ton.  A shell  cooler  under  the  same  condi- 
tions would  require  less  than  one-half  this  amount  of  surface. 

In  their  ingenious  equation  6,  the  authors  have  devised  a formula 
for  calculating  the  capacity  of  the  cooler  at  any  point  by  means  of 
the  everchanging  velocity  of  the  evaporated  ammonia.  W'hat  a task ! 

Double-pipe  coolers  of  the  usual  construction  are  imperfect,  be- 
cause the  annular  sjiace  between  the  two  pipes  is  too  small  to  allow 
the  evaporated  liquid  to  pass  through  without  priming,  lloilers  are 
eva])orators.  Who  ever  heard  of  a double-pipe  steam  boiler  or  water 
evaporator?  A large  vapor  liberating  surface  is  required,  and  there- 
fore zee  should  use  shell  type  brine  coolers,  enabling  us  to  work  with 
any  desired  brine  velocity  and  still  have  the  coils  submerged  in  liquid. 
Then  we  will  not  require  that  equation  6,  y’ = u x,  and  can  dis- 
pense with  so  many  thermometers. 

So  far  as  I know,  none  of  the  consulting  engineers  among  the 
members  of  our  Society  recommend  double-pipe  brine  coolers,  and 
I cannot  understand  why  so  many  of  them  are  being  installed  by 
people  who  .should  know  better,  except  that  they  are  easily  sold  and 
appear  to  be  inexpensive.  In  realty  they  are  expensive,  because 
about  half  of  their  .surface  is  of  little  use,  unless,  as  recommended 
in  the  paper,  a thermometer  is  used  on  each  return  bend. 

The  first  .shell  type  brine  coolers  were  manufactured  by  Pontifex 
and  Wood,  of  England,  for  their  absorj)tion  machines.  One  of  the 
fir.st  engineers  in  this  country  to  recognize  their  value  was  Cieorge 
H.  Stocldard,  of  the  Quincy  Market  & Cold  Storage  Co.,  llo.ston. 
Mass.  These  coolers  had  a vertical  shell  containing  extra  heavy 
helical  pipe  coils  through  which  the  brine  was  pumped.  They  can 
be  o])erated  horizontally  as  well,  but  the  coil  surface  above  the 
liquid  level  is  then  of  little  value.  U.sed  vertically,  the  rate  of  heat 
transmission  is  over  double  that  shown  in  the  best  tests  given  in  the 
paper. 

If  I had  to  pay  for  the  coal  and  labor  on  a plant,  I would  not 
take  a double-pipe  cooler  as  a gift. 

I compliment  the  authors  for  their  good  work  done  on  an  ap- 
paratus which,  however,  is  not  worth  it. 

Fan  R.  H.  Greene. — Mr.  Torrance  was  kind  enough  to  .show 
me  his  comments  before  my  paper  was  read,  and  for  that  reason 
I was  on  my  guard  and  said,  by  way  of  introduction,  that  our 
paper  was  not  an  ex])ose  of  sui)eriority  of  the  double-pipe  brine 
cooler,  but  that  our  object  was  .simply  to  oflFer  a means  for  finding 
the  rate  of  heat  transfer  in  that  type  of  apparatus.  The  formula 
arrived  at  a])])lies  to  atmospheric  and  double-pipe  ammonia  conden- 
sers, as  well  as  to  double-pipe  brine  coolers. 

I agree  with  Mr.  Torrance  that  the  efficiency  of  the  double 
pipe  brine  cooler  is  not  equal  to  that  of  the  shell  type  of  cooler, 
for  the  reason  that  the  friction  of  the  gas  in  the  annular  space 
is  so  great  that  only  a moderate  temperature  difference  can  be  ob- 
tained, which  limits  the  rate  of  heat  transfer.  As  to  best  method 


THE  RATE  OF  HEAT  TRANSFER  IN  l)OU»LE-PIPE  BRINE  COOLERS  53 

of  operation,  I do  not  think  it  makes  any  difference  whether  a 
double  pipe  or  a shell  type  cooler  is  used.  The  only  way  they  can 
be  operated  efficiently  is  with  a thermometer  in  the  outlet.  Hy  this 
means  it  is  possible  to  see  whether  the  gas  leaving  the  cooler  is  sat- 
urated as  it  .should  be.  If  it  is,  one  can  be  sure  that  all  other  pipes 
throughout  the  cooler  lengths  contain  liquid  ammonia. 

Mr.  Torrance  also  was  kind  enough  to  show  me  a telegram 
received  from  his  company,  which  informed  him  that  tests  con- 
ducted by  his  company  on  a shell  type  brine  cooler  have  shown  a 
rate  of  heat  transfer  running  as  high  as  140  to  185  B.t.u.  But  they 
also  found  quite  a few  other  tests  where  the  rate  of  heat  transfer 
was  no  better  than  in  a double-pipe  brine  cooler.  This  they  at- 
tribute to  the  fact  that  the  rate  of  liquid  feed  was  not  enough  to 
wet  the  whole  surface,  which  is  liable  to  happen  when  there  is  no 
thermometer  in  the  gas  outlet  pipe. 

G.  H.  Geisler. — Has  any  one  made  experiments  on  the  friction 
of  water  through  a double-pipe  condenser?  I have  found  that  by 
reducing  the  number  of  pipes  per  stream  I can  circulate  the  water 
with  a much  lower  head.  For  example,  when  using  only  one  water 
circuit  on  a double-pipe  (134  and  2 inch)  condenser  12  pipes  high, 
almost  a two-stage  centrifugal  pump  is  necessary  to  get  sufficient 
water  through,  while  with  6 pipes  only  per  stream,  a single  stage 
pump  is  sufficient. 

Henry  Torrance. — The  company  I am  connected  with  always 
arranges  for  a double  flow  on  such  condensers,  two  streams  of 
cooling  water  passing  in  parallel  through  the  two  sets  of  six  134- 
inch  pipes.  Very  interesting  data  on  friction  in  brine  coolers  is 
given  by  Messrs.  Ophuls  and  Greene  in  their  paper. 
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AHSTRACT  AND  DFSCL'SSIOX 

Internal  combustion  engines  in  the  past  ten  years  liave  been 
so  perfected  that  tliey  now  successfully  compete  with  steam  engines 
in  all  classes  of  work,  but  it  is  onlv  within  the  last  three  rears  that 
they  have  been  introduced  on  a large  scale  in  refrigerating  plants. 
I'he  hindrance  to  their  employment  for  this  service  was  formerly 
the  need  of  large  ciuantities  of  steam  in  such  plants,  but  through 
change  in  the  design  of  the  plants  themselves,  so  much  steam  is  no 
longer  required. 

Figures  are  given  to  show  the  high  thermal  efficiency  of  the 
oil  engine,  which  is  demonstrated  to  be  two  and  a half  times  that 
of  the  steam  engine.  Oil  engines  used  in  refrigerating  plants  may 
be  divided  into  four  classes : 

(1)  High  compression  or  Diesel  type 'engines. 

(2)  ^Medium  compression  engines. 

(3  ) Four-cycle  low  conijiression  engines. 

(4)  Two-cycle  crankcase  scavenging  and  one-to-one  scaveng- 
ing engines. 

d he  working  processes  of  these  various  classes  of  engines  are 
described,  and  the  commercial  designs  on  the  American  market  are 
illustrated.  Comparison  is  made  in  some  detail  of  the  fuel  con- 
sumption of  the  various  types,  and  also  the  grades  of  oil  on  which 
they  operate  satisfactorily. 

When  installing  an  oil  engine  to  drive  a refrigerating  machine, 
it  should  be  remembered  that  the  oil  engine  difi'ers  from  the  steam 
engine  in  several  re.spects.  The  most  important  difference  is  the 
impossibility  of  overloading  the  oil  engine  apjireciably  for  long 
periods.  Oil  engines  usually  run  at  .such  a speed  that  the  compres- 
sor cannot  be  directly  coui)lcd.  but  must  be  connected  through  a 
belt  or  rope  drive.  Transmission  equipment  to  connect  oil  engines 
and  refrigerating  machines  must  be  of  a very  heavy  design. 

The  water  supplied  for  cooling  the  jackets  of  the  oil  engine 
must  be  sufficient  in  (piantity  and  must  not  form  scale.  Where  the 
natural  water  available  is  not  suitable,  a simple  re-cooling  system 
should  be  installed,  using  rain  water  or  distilled  water. 

The  exhaust  piping  for  the  oil  engine  should  be  arranged  in 
a careful  manner  and  a summary  is  given  of  the  points  to  be  con- 
sidered. The  recovery  of  heat  from  the  oil  engine  jacket  water  is 
finite  feasible,  but  the  installation  of  a heater  to  obtain  some  of  the 
heat  in  the  exhaust  ga.ses  has  not  usually  proved  a commercial 
success. 

A great  advantage  of  an  oil-engine-driven  plant  is  the  simple 
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manner  in  which  the  fuel  is  handled  and  the  absence  of  ashes  and 
clinkers  and  their  accompanying  troubles. 

Oil  engine  lubrication  should  have  the  same  attention  as  that 
of  a high  si)eed  steam  engine.  Characteristics  are  given  of  suitable 
oils  for  cylinder  and  bearing  lubrication.  The  lubrication  system 
adopted  by  the  De  La  \'ergne  Machine  Company,  including  their 
oil  reclaimer,  is  described. 

Tn  installing  oil  engines  for  ice  making  plants,  the  following 
recommendations  are  made : 

( 1 ) Calculate  the  horsepower  required  for  the  compressor 
on  the  following  assumptions:  Hack  pressure,  20  lbs:  head  pres- 
sure, 220  lbs;  e.xponent  of  compression  curve,  1.3;  mechanical  effi- 
ciency of  compressor.  85%  ; efficiency  of  belt  or  rope  drive,  85%. 
.-\uxiliaries,  if  driven  electrically,  will  recjuire  from  i to  ij4  horse- 
power per  ton  of  ice  for  a can  plant. 

(2)  - The  compressor  and  au.xiliaries  should  be  driven  from 
separate  engines. 

( 3)  More  than  one  unit  should  be  installed. 

Detailed  tables  are  given  showing  a comparison  of  the  invest- 
ments required  with  oil  engine  and  steam-driven  ice  making  plants,, 
also  a comparii^on  of  the  daily  and  yearly  costs  of  operation. 

High-speed  compressors  are  now  being  developed  for  direct 
connection  to  oil  engines.  Such  a unit  has  many  advantages  in 
floor  space,  first  cost,  increased  efficiency,  reduced  fuel  consumption 
and  reduced  cost  of  maintenance.  .\s  soon  as  the  high  speed  am- 
monia compressor  has  ])roved  a success  in  commercial  use,  it  will 
certainly  be  em))loyed-  generally,  because  the  cost  of  an  oil  engine 
driven  unit  will  be  less  than  that  of  a steam  plant. 

The  e.xperience  gained  in  the  manufacture  of  ice  under  com- 
mercial conditions  during  the  last  four  years  makes  it  ])ossible  to 
install,  at  reasonable  cost,  oil  engine  driven  j)lants  which  will  give 
perfect  satisfaction. 


DISCL’SSrO.V 

6'.  //.  Gcislcr. — What  gravity  of  California  fuel  oil,  Mr.  Presi- 
dent. do  you  use  with  your  engine  ? We  have  an  asphaltum  base  oil  on 
the  Coast  which  1 understand  is  difficult  to  burn  in  the  Diesel  type 
of  engine. 

President  Doelling. — The  lowest  is  about  12  degrees  Baume, 
(specific  gravity,  0.986).  There  are  some  oils  which  you  can  get 
here  of  about  16  to  18  degrees  gravity. 

G.  H.  Geisler. — Can  you  burn  them  successfully? 

President  Doelling. — Yes.  W’ith  most  of  these  heavy  oils  it  is 
only  necessary  to  have  a very  good  filter,  because  they  contain  a 
lot  of  fine  dust,  mostly  limestone  and  sometimes  carbon,  which  act 
on  the  cylinder  of  the  engine  like  emery.  Instances  are  known 
where  a cylinder  was  worn  out  in  four  weeks.  Crude  oil  is  difficult 
to  obtain.  }>esides,  it  is  more  expensive  than  (listillate,  because  it 
contains  the  ga.soline  and  lubricating  oils.  If  you  ask  for  a fuel 
oil,  you  get  a distillate.  Therefore,  manufacturers  of  oil  engines 
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are  agreed  that  it  is  not  necessary  to  make  any  specifications,  except 
that  there  shall  not  be  more  than  one  to  one  and  one-half  per  cent, 
of  water  in  the  oil.  Sometimes  the  water  is  twenty-five  per  cent., 
forming  an  emulsion  which  cannot  be  used  in  an  engine,  because 
the  water  is  not  combustible. 

G'.  H.  Geisler. — I understand  that  the  Union  Ice  Company  is 
using  one  of  your  oil  engines  over  in  Oakland.  They  use  oil  of 
i6  degrees  Baume,  while  the  Die.sel  engines  of  the  -\llis-Chalmers 
exhibit  at  the  Exposition  are  supplied  with  oil  of  24.5  degrees. 

President  DoelUng. — Yes.  In  Diesel  engines  a distillate  oil  is 
preferred,  a heavier  oil  being  more  difficult  to  ignite  and  necessi- 
tating a higher  degree  of  compression.  A type  of  engine,  similar 
to  ours,  is  being  built  extensively  in  England  for  export  to  the  Far 
East,  where  they  have  very  heavy  oils,  d'he  oil  is  easily  ignited  on 
plates  that  are  red  hot,  thus  the  heavy  oil  is  successfully  burnt  in 
those  engines,  but  in  this  country  this  is  no  great  advantage;  because 
here  the  distillate  oil  may  be  obtained  almost  as  cheaply  as  the 
heavy  oil. 

/.  A*.  Gridil. — If  two  oil  engines  have  two  6-inch  exhaust  pipes 
combining  into  one  main,  is  it  neces.sary  to  make  the  area  of  the 
main  eijual  to  the  combined  area  of  the  two  pipes? 

President  Doelling. — Ye.s,  it  is  advisable  to  do  that.  But  the 
two  small  pipes  should  be  brought  together  in  such  a way  that  one 
exhaust  does  not  interfere  with  the  other,  so  that  you  would  get 
a suction  eflPect. 

J.  N.  Gnihl. — What  size  main  would  be  reciuired  for  taking 
the  exhaust  of  two  Allis-Chalmers  Diesel  type  oil  engines,  say,  of 
90  horsepower  each,  exhausting  into  one  line  70  feet  long? 

President  Doelling. — For  each  90  horsepower  engine  I would 
take  a /-inch  exhaust  i>ipe  and  a lo-inch  main  for  two  engines. 
Smaller  pipes  could  be  used,  but  the  result  will  be  a higher  back 
pressure,  which  lowers  the  economy  of  the  engine.  Besides,  it  is 
not  desirable  to  exhaust  into  one  pipe,  because  in  case  of  trouble 
one  cannot  see,  from  the  outlet,  which  engine  is  out  of  order.  As 
stated  in  the  paper,  if  the  engines  have  individual  exhaust  pipes, 
you  can  see  right  away  which  one  is  in  need  of  adjustment.  How- 
ever, it  is  done  very  often.  We  did  it  formerly,  but  now  we  try  to 
avoid  it. 

/.  N.  Gnihl. — What  is  the  consequence  of  fuel  oil  entering  the 
high  pre.ssure  air  line? 

President  Doelling. — The  result  is  a very  heavy  explosion,  be- 
cause the  })ressure  is  already  about  a thousand  pounds  and  the  tem- 
perature also  is  very  high.  To  avoid  that  a check  valve  is  put  near 
the  spray  nozzle:  that  closes  the  valve  against  the  oil  pressure  so 
nothing  can  come  into  the  oil  pipe.  I know  that  formerly  this  oc- 
curred very  often,  especially  with  the  Diesel  engines  provided  with 
a high-pressure  receiver.  Very  often  a pressure  of  2,500  to  3,000 
pounds  is  reached  and  the  tank  lets  go. 

Henry  Torrance. — What  is  the  temperature  of  the  air  at  a 
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thousand  pounds  pressure?  It  would  not  be  at  the  theoretical  com- 
pression temperature,  would  it? 

President  Doelling. — No,  it  must  b'e  cooled,  otherwise  the  lubri- 
cating oil  would  be  burned.  The  temperature  may  be  four  or  five 
hundred  degrees,  but  it  should  not  be  higher  than  that.  Some 
builders  believe  they  should  cool  it  down  to  lOO  degrees,  but  when 
air  of  this  low  temperature  and  with  1,000  pounds  pressure  is  ad- 
mitted to  the  cylinder  and  there  expanded  down  to  500  pounds,  the 
air  is  too  cool  to  ignite  the  fuel,  and  to  overcome  this  defect  the  air 
must  be  compressed  again.  It  is  not  done,  except  in  submarines. 

/.  N.  Gruhl. — You  would  then  have  to  ignite  the  gas  mixture 
by  a hot  bulb? 

President  Doelling. — Yes,  but  not  in  the  Diesel  engines,  where 
ignition  is  caused  by  the  heat  of  compression  in  the  cylinder  at  about 
500  pounds. 

Henry  Torrance. — I have  just  made  a rough  calculation  to  show 
how  much  ice  the  exhaust  heat  would  make  in  the  absorption  sys- 
tem. The  figures  on  page  26  of  the  paper  show  2,500  B.  t.  u.  loss  in 
exhaust.  Roughly,  this  is  the  equivalent  of  23/2  pounds  of  steam,  and 
if  we  were  to  produce  a hundred  tons  of  refrigeration  with  about  200 
horsepower,  each  producing  2^4  pounds  of  steam,  there  would  be 
total  500  pounds  of  steam  available  per  hour,  sufficient  to  make  ad- 
ditional fifteen  tons  refrigeration  by  an  absorption  machine.  I had 
expected  a still  greater  surplus. 

President  Doelling. — You  must  not  overlook  the  fact  that  the 
temperature  of  the  exhaust  gases  is  comparatively  low.  In  our 
engines  it  is  usually  about  700  degrees,  and  as  the  exit  temperature 
cannot  be  made  lower  than  about  250  degrees,  less  than  two-thirds 
of  the  wa.ste  heat  is  available.  The  gain  is  very  .small,  and  still, 
everybody  who  sees  it,  puts  in  a boiler  right  away.  They  never 
get  any  steam,  because  tbe  heating  surface  of  the,  boiler  u.sed  is 
much  too  small.  Again,  the  supply  is  not  constant.  For  instance, 
if  you  use  it  for  steam  heating,  and  the  engine  is  running  only  with 
half  load,  it  may  do  in  the  winter  between  ten  and  two  o’clock,  but 
if  it  is  a cold  day  and  you  need  more  heat,  a boiler  is  required  any- 
how. Whether  you  then  make  a few  pounds  of  steam  more  or  less 
does  not  cut  much  of  a figure.  The  only  time  there  is  an  advantage 
is  when  you  can  use  hot  water,  for  then  you  can  make  use  of  the 
cooling  water  leaving  the  jacket,  and  heat  that  by  means  of  the  ex- 
haust to  200  degrees,  because  in  hot  water  heating  you  do  not  need 
such  a high  temperature  as  in  steam  heating. 

Henry  Torranee. — In  our  absorption  machine  generator  we  do 
not  need  a temperature  over  230  degrees.  We  could  just  use  the 
hot  gases  direct,  without  making  steam  at  all.  However,  I agree 
with  you  that  it  is  hardly  worth  while. 

I have  made  another  calculation  comparing  the  cost  of  making 
ice  with  oil  engines  with  the  absorption  and  compression  steam 
plants,  and  I find  that  it  comes  about  half  way  between;  in  other 
words,  from  the  operating  expense  in  the  compression  steam  plant 
we  cut  about  thirty  per  cent  off.  That  would  be  about  thirty  per 
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cent  better  than  the  comparison  figures  presented*  which  would  put 
the  absorption  jdant  about  half  way  between  the  two  other  systems. 

J.  N.  Gnilil. — What  kind  of  lubricating  oil  does  President  Doel- 
ling  advise  for  cylinders,  what  flash  point? 

President  Doelling. — Xot  less  than  345  degrees,  as  stated  in 
the  paper.  The  Standard  Oil  Company  makes  a special  oil  called 
“liquid  base,”  which  is  the  same  as  is  used  for  ammonia  compres- 
sors. This  is  a comparatively  cheap  oil.  Some  people  lubricate 
engines  with  very  expensive  cylinder  oils  which  cost  60  to  70  cents 
per  gallon,  the  kind  that  is  used  in  gas  engines.  P»ut  these  are  not 
adapted  for  oil  engines : they  are  too  thick  and  do  not  wash  the 
piston  clean;  besides,  the  temperature  in  oil  engines  is  considerably 
higher  than  in  gas  engines,  and,  therefore,  the  gas  engine  cylinder 
oils  used  generally  burn,  causing  the  i)iston  rings  to  stick,  and  lead- 
ing to  trouble.  Hence,  the  liquid  base  oil  is  cheaper  and  better 
for  the  purpose. 


REVIEW 


EXPERIMENTS  ON  (OLD  STORACiE  INSULATION 

Expekimkn’ts  ox  Cou*  Storage  Insulation.  By  K.  Hencky,  of  the  Physical 
Lalioratory  of  the  Royal  Technical  High  School,  Munich.  Germany. 
Zeitschrift  fitcr  die  gesamtc  Kacitc-ludustrie,  August,  September,  1915. 
9 PP- 

This  instructive  article  is  divided  into:  an  introduction,  reviewing  the 
formulas  generally  used  in  insulation  calculations,  emphasizing  the  importance 
of  correct  knowledge  of  the  surface  temperatures;  Part  i,  describing  an 
accurate  method  of  measuring  surface  temperatures  by  means  of  thermo 
elements;  Part  2,  treats  of  tests  made  to  determine  (.by  means  of  thermo 
elements)  the  heat  conductivity  of  the  natural  ground,  as  under  a cellar; 
appendix,  describing  tests  made  to  find  the  rate  of  heat  emission  from  a warm 
copper  plate  to  the  air  in  the  room. 

INTKOnUCTIO.V 

For  calculating  in  a general  way  the  heat  flow  through  a wall  a coefficient 
of  heat  transmission  h is  applied,  as  in  the  following  equation : 

Q = k X S (t /.  » (i) 

where  Q stands  for  the  heat  in  B.  t.  u.  passing  through  one  square  foot  of 
surface  6"  per  hour  per  degree  F.  difference  between  the  air  temperature  on 
the  warm  side  and  the  air  temperature  tc  pn  the  cool  side  of  a wall. 

In  the  case  of  a cold-storage  room,  outdoor  heat  is  first  imparted  to  the 
outside  of  the  wall,  then  the  heat  is  conducted  through,  and  finally  it  is  trans- 
ferred from  the  wall  surface  to  the  cool  air  in  the  room.  Thus  there  are  two 
heat  transfers  involved  and  one  heat  conduction.  Accordingly,  the  over-all 
heat  transmission  coefficient  k is  composed  of 


- . *=•  - I — + — + — ) O) 

where  (ti  and  (Xc  express  the  rate  of  heat  transfer  from  surface  to  air  in 
B.  t.  u.  per  hour  per  square  feet  per  degree  F.  temperature  difference  between 
surface  and  air.  d is  the  thickness  of  the  wall,  and  c its  heat  conductivity. 

If  the  wall  is  coinjiused  of  various  layers  of  the  thicknesses  di,  di,  dj,  etc., 
with  corresponding  conductivities  Ci,  Cu,  Ca  etc.,  the  equation  (2)  becomes 

(1  d d,  ds  ds  I \ 

^ 1 ^ 1 1-  . . . H I (2a) 

tti  c <*i  Cs  C.1  a-  / 

The  results  obtained  with  the  foregoing  equations  are  only  acceptable  if 
the  proper  values  for  <Xi  and  a,  are  known.  Since  these  are,  as  a rule,  not 
accurately  known,  and  vary  with  the  nature  of  the  exposed  surfaces,  air 
velocity,  etc.,  it  is  proposed  to  take  as  a basis  the  temperatures  />  and  L of  the 
exposed  surfaces  or  faces  of  the  wall.  Then  the  following  equation  applies: 


0 = X S'  X (b  — b) 

d 


(3) 
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With  this  equation  the  heat  Q\  admitted  through  the  four  walls  and  roof 
may  be  calculated.  Qi  may  also  be  made  equal  to  Qi  — Qt,  if  Qs  represents 
the  amount  of  refrigeration  necessary,  according  to  test,  for  maintaining  the 
room  at  a specified  temperature,  and  Qz  is  the  heat  calculated  as  coming  from 
the  ground  up.  The  refrigerating  work  Q3  may  be  obtained  by  metering  the 
quantity  of  brine  circulated  per  hour  through  the  cooling  coils,  and  multi- 
plying the  pounds  of  brine  with  the  degrees  average  temperature  range  and 
with  its  specific  heat  at  the  mean  temperature.  (This  method  requires  long 
testing,  constant  conditions,  and  non-interference  from  goods  in  the  room  or 
the  ice  on  the  pipes.) 

The-  heat  Qt  through  the  ground  area  ^2  may  be  calculated  from  the 
coefficient  of  heat  conductivity  Ci  of  the  ground,  and  the  two  temperatures 
t\>  and  it  of  two  points  separated  vertically  by  the  distance  d,  as  follows: 

Qi  = (4) 

d 

To  use  equation  (3)  a device  is  necessary  for  ascertaining  the  exact 
temperature  of  the  surfaces;  this  is  described  in  Part  i.  To  be  able  to  u.se 
equation  (4)  the  heat  conductivity  Ct  of  the  ground  must  be  known.  This  is 
given  in  Part  2. 

ME.VSURING  SURF.XCE  TEMPER.XTURES 

Measuring  of  surface  temperatures  by  means  of  mercury  thermometers  is 
declared  useless,  because  of  the  impossibility  to  shut  out  the  influence  of  the 
surrounding  air.  In  cases  where  the  surface  temperature  was  known  to  be 
100°  C.,  common  thermometers  indicated  only  80  to  85“  C.  A more  accurate 
method,  by  means  of  thermo  elements,  adapted  for  metal  as  well  as  insulating 
surfaces,  has  been  devised,  and  its  theory  and  construction  are  given  in  detail. 
By  tests  its  accuracy  was  found  to  be  correct  to  0.005  millivolt,  corresponding 
to  an  average  accuracy  of  0.14°  C.  04°  I'-),  when  the  instrument  was  applied 
to  a surface  of  boiling  water  of  accurately  known  temperature. 

Readings  of  the  instrument  were  also  compared  with  the  figures  resulting 
from  interpolating  the  temperature  gradient  obtained  by  inserting  6 measuring 
wires  within  a thickness  of  2 inches.  These  temperature  gradients  follow 
straight  lines,  hence  by  extending  on  a diagram  the  lines  to  each  face  of  the 
insulator  tested,  the  exact  temperature  prevailing  there  is  found. 

Table  i.  Temperature  gradient  through  teak  wood 

Temperature  129.6  108.6  82.8  65.0  54.9  50.4 C. 

Distance  from  electrically-heated 

surface 47.0  36.0  21.6  ii.o  5.0  2.0  mm. 

Surface  temperature  by  curve,  46.1°  C. ; by  instrument,  46.0°  C.  Room 
temperature,  15®  C. 


Table  2.  Temperature  gradient  through  cork  board 


Temperature 

55-8 

51.0 

46.0 

38.0 

30.6 

27.8°  C. 

Distance  from  electrically-heated 

8.0 

surface .* 

47.2 

41.0 

34.0 

19-3 

3.0  mm. 

Surface  temperature  by  curve 

, 25.9° 

C; 

by  instrument, 

25-9° 

C.  Room 

temperature,  15°  C. 
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The  base  of  the  measuring  thermo  element  is  composed  of  a small  copper 
disc,  inches  diameter  and  i/i6  inch  thick.  When  placed  on  a surface, 
the  temperature  of  which  is  desired,  this  disc  does  not  alter  the  temperature, 
because  it  is  an  excellent  conductor.  In  order  to  be  sure  that  also  the  radia- 
tion remains  as  before,  a thin  disc  of  the  material  under  test  is  put  on  the 
back  of  the  copper  disc.  Thus  it  is  possible  to  get  the  true  temperature  of  any 
surface,  only  sufficient  time  must  be  allowed  to  let  the  instrument  acquire 
the  temperature  of  the  surface  of  the  material  under  the  disc.  With  metals, 
I to  2 minutes  will  .suffice,  with  teak  wood  it  took  14  minutes,  and  with  cork 
board  17  minutes.  Perfect  contact  also  is  necessary. 

HEAT  CONDUCTIVITY  OF  THE  SOIL 

The  amount  of  heat  entering  from  the  ground  through  a basement 
floor  of  area  Sr,  may  be  calculated  by  the  following  formula; 

St  (th ft)  Cl 

— (5) 

di  ““  di 

where  Ci  is  the  heat  conductivity  of  the  soil,  and  /•>  and  ft  the  temperatures  of 
same  at  the  two  (vertically  separated)  points  di  and  di. 

Heretofore  only  a laboratory  test  had  been  made  by  H.  Groeber,  1910,  who 
ascertained  for  the  sample  of  soil  he  tested,  specific  gravity  2.040  = 127.15 
lbs.  per  cu.  ft. ; Ci  at  32®  F.,  0.43  calories  (83.22  B.  t.  u.  per  24  hours  per  sq. 
ft.,  I inch  thick  per  deg.  F.)  : at  68®  F.,  0.45  cal.,  or  87.1  B.  t.  u. ; at  158°  F., 
0.50  cal.,  or  96.75  B.  t.  u.  Since  the  conductivity  depends  greatly  upon  the 
density  and  moisture  content,  it  was  decided  to  repeat  the  test  on  a large 
scale.  A favorably  situated  basement  room  of  146.5  sq.  ft.  floor  area  was 
available  in  a brewery  in  Munich,  surrounded  by  other  cellars,  all  kept  at  the 
freezing  point.  For  the  purpose  of  the  test  the  floor  was  covered  with  cork 
board  o.i  m.  (3  15/16  inches)  thick,  presented  by  Grunszweig  & Hartmann, 
and  the  heat  conductivity  cs  of  this  insulator  tested  in  the  laboratory  of  the 
school.  Thermo  elements  were  placed  on  top  and  bottom  of  the  cork  board  on 
the  ground  for  taking  the  temperatures  6 and  /j.  To  keep  moisture  from 
the  instruments  waterproof  cement  was  used  as  a covering. 

When  conditions  have  become  constant,  the  heat  flow  from  ground  may 
be  calculated  as  follows : 

S(ti-t^) 

Qi  — X (6) 

d 

In  connection  with  equation  (5)  the  unknown  coefficient  of  heat  con- 
ductivity Cl  of  the  soil  is  obtained  by  writing 

ti  — d\  — d" 

Cl  = X X ^•2 (7) 

d fb  — ft  ■ 

The  temperature  of  the  cork  board  surfaces  W'as  easily  obtained,  but 
some  specially  designed  thermo  elements  had  to  be  built  for  driving  them  into 
the  ground  to  various  depths  including  13  feet.  Full  details  are  given  of  these 
devices.  The  readings  were  accurate  to  ± 34'*  P.  The  observations  extended 
over  four  months'  time.  The  average  values  obtained  were : 

Temperature  of  upper  face  of  cork  board,  = 1.4®  C. 

Temperature  of  under  face  of  cork  board,  U = ft  =3.6  ® C. 
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Temperature  in  soil  2 meters  clown,  h z=  4.5°  C. 

Substituting  these  values  in  ecjuation  7,  Ct  is  obtained  for  the  soil: 

3.6 — 1.4  2 m 

Cl  = X X 0.041  = 2.0  cal./m./hr./®C. 

o.iom  4-5  — 3-6 

where  = 0.041  cal.,  the  heat  conductivity  of  the  corkboard  (based  on  i meter 
thickness).  2.0  cal.  corresponds  to  387  B.  t.  u./sq.  ft./24  hrs./i  in.  thick/®F., 
against  Groeber’s  value  of  0.44  cal.,  or  85  B.  t.  U./24  hrs.,  at  the  same  mean 
temperature.  The  difference  must  be  due  to  the  greater  water  content,  owing 
to  the  fact  that  the  ground  water  was  within  5 meters  (16.4  feet)  of  the  floor 
level.  Thespecific  gravity  of  the  soil  tested  in  the  brewery  is  not  stated.  The 
necessity  for  ample  floor  insulation  will  be  evident. 

According  to  equations  ( i ) and  (2)  the  heat  How  through  the  ceiling  of 
a storage  cellar,  composed  of  masonry  and  lilled  with  gravel  (c  = 0.33  cal.), 
when  the  temperature  outside  is  18“  C.  and  inside  -f-  1°  C.,  equals 

-| 1 I I X (18®  — i“)  = 4.96  calories 

a 0.33  5 / J 

per  square  meter  per  hour  per  1 meter  thickness,  and  through  a sejuare  meter 
of  the  5-m.  thick  insulated  floor  of,  say,  10°  C, 


[■<i 


I -r-  I i II  X ( 10°  — 1°)  =.^33  calories  per  hour. 

I 2.0 

If  the  cellar  floor  is  insulated  with  cork  board  (r  = 0.04  cal.)  o.i  meter 
(3  15/16  inches)  thick,  the  heat  supply  from  the  ground  is  reduced  to,  as 
usually  written, 

I 

(10®  — I®) = 1.73  calories/m.Vhour, 


5 

+ + 


O.I 


5 2 0.04 

which  means  for  this  room  a saving  in  refrigeration  of 


C4-96  + 3-33)  — (4-96  +1.73) 


X 100  = 19.3  per  cent. 


(4-96  + 3-33) 

and  if  the  ceiling  is  insulated  the  same  way  the  total  saving  is  25.8  per  cent. 
(Xo  heat  loss  through  walls  is  included,  because  this  cellar  is  supposed  to  be 
enclosed  by  others  of  like  temperature.)  In  rooms  receiving  heat  also  through 
the  walls,  the  percentage  of  saving  due  to  the  insulation  is  less,  because  the 
total  heat  flow  is  greater.  .'\  diagram  is  added  showing  that  while  directly 
under  a cellar  floc>r  of  32®  F.  the  ground  temperature  increases  downward  in 
intervals  of  1.8®  F.  every  2 feet,  until  50®  F.  is  reached  at  a depth  of  20  feet 
(ground  water  temperature.  50®  F.),  and  the  cellar,  including  its  ceiling,  is  20 
feet  high  above  the  floor,  the  grade  outside  being  level  with  top  of  ceiling,  the 
temperature  away  from  the  cellar’s  walls  increases  from  50®  F.  by  1.8®  F.  every 
4 feet  upw'ard,  until,  after  40  feet,  when  the  grade  line  is  reached,  the  tempera- 
ture is  68®  F.  With  this  information  it  is  possilile  to  estimate  more  accurately 
the  amount  of  heat  entering  through  the  walls  of  a basement. 

ME.\.SURING  HEAT  EMISSION 

Heat  is  received  and  emitted  by  a w-all  or  surface  to  the  surrounding  air 
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by  radiation  and  convection.  It  is  customary  to  express  this  heat  exchange  by 
the  following  equation : 

Q = a X X (/»»>■  — (8) 

in  which  Q = the  heat  given  off  by  the  surface  S,  and  a is  the  heat  per  square 
foot  per  hour  per  degree  difference  between  temperature  twaii  of  the  surface 
and  temperature  t->tr  of  the  air. 

The  factor  (x  is  physically  not  accurately  defined,  because  the  air  tempera- 
ture is  not  the  same  at  every  point,  and  it  is  uncertain  as  to  where  or  how  far 
from  the  surface  /«ir  should  be  measured.  For  these  reasons  the  tendency 
of  new  scientific  investigations  is  to,  if  possible,  eliminate  a,  and  to  convert 
phases  of  heat  transfer  into  those  of  heat  conduction.  There  are,  however, 
cases  where  it  is  desired  to  know  the  temperature  drop  existing  between 
surface  and  air,  and  therefore  the  following  experiments  were  undertaken.  A 
number  of  different  tests  will  be  necessary  to  fully  cover  the  subject,  in  this 
article  only  the  first  series  is  reported : 

Description  of  apparatus  used:  heating  element  60  cm.  square  was 

covered  on  both  sides  with  copper  wire  mesh  and  asbestos  card  board.  The 
resistance  wires  were  capable  of  generating  heat  at  the  rate  of  about  1,000 
calories  (3,g(^  B.  t.  u.)  per  hour.  This  was  laid  on  a piece  of  cork  board  of 
same  size,  but  n an.  (4.33  inches)  thick.  These  plates  were  put  into  a 
wooden  box  i meter  (39.37  inches)  .square  and  30  cm.  deep,  and  packed  on  the 
four  sides  with  granulated  cork.  The  heat  conductivity  of  the  cork  board  had 
previously  been  accurately  determined,  and  this,  in  connection  with  the  tem- 
perature readings  taken  with  thermo  elements  on  both  surfaces  of  the  cork 
board,  enabled  one  to  determine  the  amount  of  heat  lost  through  the  insula- 
tion. The  heat  lost  through  the  granulated  cork  on  the  sides  is  very  small,  at 
most  2 per  cent  of  the  heat  generated.  The  greatest  part  of  the  heat  (at  least 
95  per  cent)  is  emitted  to  the  air  by  the  uninsulated  surface  of  the  warm  plate. 

The  temperature  of  the  warmed  surface  was  taken  by  means  of  the 
surface  temperature  thermo  element  described  in  Part  i,  while  the  air  tem- 
perature was  taken  by  means  of  ordinary  thermo  elements  at  various  distances 
from  the  surface.  In  this  series  the  hot  plate  was  sheathed  with  ordinary 
rolled  sheet  copper.  j)resenting  a dull,  oxydized  surface. 

Tests  were  made  with  the  apparatus  in  vertical  and  horizontal  positions  in 
a small  room  of  812  cubic  feet,  8.2  feet  high,  and  in  a large  room  of  8,720 
cubic  feet  and  13  feet  high,  to  see  whether  the  convection  currents  would  act 
differently,  but  the  results  were  found  to  be  the  same.  These  are  given  in 
Tables  Nos.  3 and  4. 
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Notation  for  Tables  Nos.  3 and  4: 

Qt.  = total  heat  generated  in  hot  plate  in  calories  per  hour. 

t,\  r=  temperature  difiference  between  the  two  faces  of  the  cork  board 
in  degrees  C. 

c = the  internal  heat  conductivity  of  the  cork  board  at  the  mean 
temperature  used  in  test,  expressed  in  calories  per  per 
hour  per  °C.  per  in  thickness.  (One  of  these  units  = 
193.527  B.  t.  u.  per  sq.  ft.  per  24  hours  per  "F.  i inch  thick; 
c = 0.044  cal,  corresponds  to  8.52  B.  t.  u./sq.  ft.  per  24 
hours  1°  F,  I inch  thick.) 

Qr  = heat  leakage  through  the  cork  board,  determined  from  t>\  and 
c,  in  calories  per  hour. 

Q = Qe  — Qt  = the  heat  emitted  from  the  warm  surface  to  the 
air  in  calories  per  hour. 

/will I = surface  temperature  of  the  sheet  copper. 

/air  = air  temperature  in  °C,  mea.sured  at  distance  e from  the  warm 
surface. 

Q 

a = = the  coefficient  of  heat  emission  in 

.S  X /air) 

calories  per  hour  per  nr  per  °C.  difference,  and  in  R.  t.  u. 
per  hour  per  square  foot  per  degree  F.  difference. 

At  the  distance  e from  the  surface  the  convection  currents  equalize,  the 
temperature  there  being  identical  with  the  room  air  temperature.  The  figures 
indicate  that  distance  c increases  as  the  temperature  of  the  surface  is  in- 
creased. When  the  surface  is  held  in  a vertical  position,  distance  e is  per- 
ceptibly smaller  than  it  is  w'ith  the  horizontal  position.  Both  of  these  features 
are  explained  by  the  relative  intensity  of  the  convection  currents  and  its 
direction  with  respect  to  the  warm  surface. 

Fig.  I shows  graphically  the  variation  in  the  emission  factor  cx,  with 
increasing  temperature  differences  /'v«n  — /»ir  with  horizontal  and  vertical 
plates. 


0 18  S4-  7Z  90  108  n6  /‘H-  /62  180  198  2/6  ZJO 

IZe^rfes^  Tempera furc  D • Tferen<e  6et>reen  Surface  an^  fJtr 

b'ig.  I. — Rate  of  heat  emission  from  a fiat  sheet,  copper  surface 
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The  emission  from  a horizontal  surface  was  found  to  l)e  more  than  for 
a vertical  one.  due  to  the  difference  in  convection,  as  stated,  which  is  as  yet 
not  taken  into  account  in  the  formula.  A more  exact  explanation  can  he  given 
only  after  further  tests  have  been  made  regarding  velocity  and  behavior  of  the 
convection  currents. 

'I'herefore.  the  constants  given  in  the  tables  represent  average  values 
only,  applying  to  the  conditions  of  the  test  method.  Since,  however,  with 
enlarged  surfaces  the  convection  currents  may  be  expected  to  act  in  the  same 
way,  it  is  permissible  to  use  the  values  given  for  a for  surfaces  of  other 
dimensions  with  a fair  degree  of  accuracy. 


DEVELOPMENT  OF  HEFRKJER.VriON  IN  THE  I'NITED  STATES 

Dkvki.opmknt  of  RKFRiGKKATioN  IN  THE  Umtei)  St.xtes.  By  J.  F.  Nickerson, 
Chicago,  111.  Pa|)cr  read  beft)re  the  International  Engineering  Congress, 
San  Francisco,  Cal.,  September.  iyi5. 

W'ithin  the  time  of  the  present  generation  practically  the  entire  industry 
of  refrigeration  has  grown  from  a crude  or  experimental  stage  to  its  present 
magnitude,  serving  as  an  outlet  for  the  best  efforts  and  endeavors  of  hundreds 
of  thousands  of  people,  contrii)uting  to  the  advancement  of  the  industrial 
arts,  conserving  millions  of  dollars’  worth  of  food  products  annually,  equal- 
izing extreme  prices  for  seasonable  products,  sharing  in  the  advance  that 
medical  science  has  made,  increasing  the  supply  of  perishable  food  stuffs  by 
greatly  extending  the  market  for  same,  thus  stimulating  production,  and 
furnishing  our  tables  with  fruit  and  other  delicacies  that  the  previous  gen- 
eration considered  luxuries,  or  were  unable  to  secure.  Withal  it  has  been 
a leading  factor  in  making  the  fullness  of  present-day  life. 

A brief  historical  review  of  the  evolution  of  mechanical  refrigeration  in 
the  United  States  from  the  theoretical  and  exiierimental  to  the  practical  stage 
may  be  of  interest.  The  production  of  ice  seems  to  have  been  the  chief  in- 
centive to  the  work  of  the  early  inventors  and  engineers,  but  the  require- 
ments of  the  brewing,  meat-iiacking  and  other  industrial  establishments,  and 
the  application  of  refrigeration  for  the  i>reservation  of  perishable  food  prod- 
ucts. are  largely  responsible  for  the  remarkable  development  of  mechanical 
refrigeration  during  the  last  thirty  years. 


K.NKLY  ICE  M.VCHINES 

The  constant  effort  of  man  has  been  to  substitute  for  the  cold  natural 
atmosphere,  which  abstracts  the  latent  heat  from  water  in  a slow  and  irreg- 
ular fashion,  a more  powerful  and  (juickly  applied  agent  under  his  absolute 
control.  As  early  as  the  middle  of  the  eighteenth  century,  scienti-sts  were 
experimenting  upon  "nature's  abhorrence  of  a vacuum”  to  produce  evapora- 
tion and  refrigeration.  It  was  by  the  application  of  this  principle  that  Dr. 
Wm.  Cullen  invented  a machine  in  1755  which  was  the  first  to  produce  ice 
by  purely  mechanical  means.  He  reduced  the  atmospheric  jiressure  upon 
water  in  a closed  vessel  with  an  air  pump,  the  evaporation  from  the  surface 
of  the  water  being  so  increased  as  to  produce  intense  refrigeration  and  ice. 
This  was  the  pioneer  ice  machine,  not  only  of  the  vacuum  type,  but  of  any 
kind. 
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A few  years  after  the  invention  of  the  vacuum  ice  machine  the  affinity 
that  sulphuric  acid  has  for  water  had  been  discovered,  and  in  1810  Leslie 
made  ice  through  this  agency.  In  the  meantime  the  Royal  Institute  of  Eng- 
land had  been  founded  (1799)  and  in  1823  Sir  Humphrey  Davy  and  Michael 
Faraday  (chiefly  the  latter)  had  demonstrated  that  gases  could  be  liquefied 
by  pressure,  with  continuous  cooling  to  carry  away  the  heat  developed  by 
work  done  on  the  gas.  Volatile  freezing  mixtures  were  also  used  in  a 
vacuum. 

Jacob  Perkins,  an  engineer  and  inventor,  born  in  Newburyport,  Mass., 
July  9,  1776,  is  generally  accorded  the  credit  for  inventing  the  first  machine, 
which  was  the  forerunner  of  the  modern  compression  apparatus,  capable 
of  producing  ice  in  commercial  quantities.  His  patent  was  obtained  in  P'ng- 
land,  August,  1834  (No.  6662) — ether  being  the  refrigerant  employed.  The 
evaporator  containing  the  liquefied  ether  enclosed  a system  of  pipes  through 
which  brine  circulated,  whose  temperature  was  thus  lowered  to  5 deg.  F.  The 
brine  then  passed  into  a long  receptacle  containing  boxes  filled  with  water, 
and  having  frozen  their  contents,  w'as  pumped  back  to  be  again  subjected  to 
the  refrigerating  effect  of  the  expanding  ether.  Thus  the  cycle  was  com- 
pleted and  the  principles  established  upon  which  most  modern  refrigerat- 
ing machines  are  founded.  'I'he  brine,  or  indirect  system,  was  thus  fore- 
shadowed. The  Perkins  apparatus  included  the  four  principal  features  still 
in  use  in  all  compression  systems  of  to-day,  viz.,  the  compressor,  the  con- 
denser, the  expansion  or  regulating  valve,  and  the  evaporator.  It  was  also 
constructed  according  to  the  can  system  of  ice-making. 

Prof.  A.  C.  Twining,  of  New  Haven.  Conn.,  is  the  next  figure  to  issue 
prominently  into  view  as  a practical  inventor  of  ice-making  machinery, 
although  Dr.  John  Gorrie,  of  .Apalachicola,  Fla.,  had  been  experimenting  for 
a number  of  years  previousl)'  with  the  cold-air  type  class  of  apparatus.  After 
having  worked  since  1848  with  sulphuric  ether  as  a refrigerant,  in  July,  1850, 
Prof.  Twining  took  out  a patent  in  England,  and  in  November,  1853,  the 
U.  S.  Patent  Office  issued  papers  to  him  (No.  10221 ) for  the  same  mechanism. 
Prof.  Twining  discovered,  among  other  things,  that  water  frozen  at  a tem- 
perature slightly  below  the  freezing  point  would  produce  transi)arent  ice.  ex- 
cept the  core,  while,  if  frozen  at  lower  temperature,  the  ice  cake  would  be 
opaque  throughout.  He  is  said  to  have  had  a machine  in  operation  in  Cleve- 
land, Ohio,  about  1855,  which  produced  ice  at  the  rate  of  1.600  pounds  in 
twenty-four  hours.  Prof.  Twining’s  machine  was  con.sidered  such  a practical 
success  that  he  was  requested  to  prepare  estimates  for  a plant  in  New  Orleans, 
capable  of  producing  eighty  tons  daily.  This  he  did,  estimating  “the  total 
cost  of  $i6o,Cxx),  with  machinery  complete,  buildings  and  grounds:  and  the 
daily  expenses,  maintenance,  fuel,  wages,  oil,  repairs  to  machinery  and  build- 
ing, ether  and  all  contingencies,  at  $120  per  day.  to  which  was  added  $26.30 
per  day  for  interest  at  6 per  cent  on  the  investment,  bringing  the  total  daily 
cost  for  eighty  tons  up  to  $I45..30,  or  $[.83  per  ton,"  .Although  these  figures 
arc  considered  remarkable  to  this  day  for  their  accuracy,  the  scheme  failed 
for  lack  of  support. 

To  Dr.  John  Gorrie  was  issued  the  first  patent  in  America  for  the  manu- 
facture of  ice  by  mechanical  operation.  Dr.  (iorrie.  in  the  line  of  his  profes- 
sional work,  commenced  his  experiments  with  cold-air  machines  as  early 
as  1845.  his  design  being  to  use  them  in  the  cooling  of  sick  rooms  and  in  the 
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treatment  of  fevers  and  other  diseases  in  which  “cold”  could  he  used  as  an 
alleviating  agent.  His  machine  had  a compression  cylinder,  the  air  passing 
from  it  into  a cooling  chamber  immersed  in  water.  The  patent  ( No.  8080) 
was  issued  on  May  6,  1851,  the  letters  patent  to  run  from  August  22,  1850. 
It  is  said  that  he  actually  made  a small  quantity  of  ice  with  a model  machine 
at  an  Apalachicola  hotel  about  this  time:  however  that  may  he.  his  was  un- 
doubtedly the  forerunner  of  the  compressed  air  machine,  later  improved  upon. 
Although  Dr.  Gorrie  was  a resident  of  .\palachicola,  Fla.,  he  was  stated,  in 
the  letters  patent,  to  he  of  New  Orleans,  the  e.xplanation  being  that  those  who 
loaned  him  money  with  which  to  conduct  his  e.xperiments  retiuired  this  con- 
cession from  him.  The  inventor  and  physician  died  in  the  former  city  June 
16,  1855,  virtually  abandoning  his  practice  during  his  latter  days  in  order  to 
develop  his  ice  machine,  although  highly  esteemed  for  his  professional  talents. 

AMMONI.\  AltSORITIO.N  MACHINE 

It  was  Ferdinand  P.  F.  Carre,  of  France,  who  in  1858-1860  placed  upon 
the  market  a machine  which  gave  birth  to  the  ammonia  absorption  machine 
.system  of  to-day.  The  original  machine  was  a very  crude  affair,  consisting 
merely  of  two  vesseLs — one  surrounded  by  cold  water,  the  other  containing 
the  ammonia  and  water.  The  original  jiatent  in  the  United  States  (No.  30201 ) 
was  issued  October  2.  i860,  the  reissue  being  dated  February  18,  1873. 

In  1863,  during  the  Civil  W'ar,  Mr.  Bujac,  of  New  Orleans,  La.,  shipped 
through  the  blockade  and  erected  in  .\ugusta.  Ga.,  a small  Carre  machine  hav- 
ing a supposed  capacity  of  500  pounds  of  ice  per  day.  The  machine,  however, 
was  not  a success,  due  mainly  to  improper  handling  by  those  in  charge.  'I'his 
machine  was  removed  to  Gretna,  La.,  in  1866.  to  be  used  for  exhiition  and 
experimental  purposes. 

'Pile  firm  of  Bujac  and  Girarde,  of  New  Orleans,  had  imported  three  other 
Carre  machines  from  F'rance,  jiurchasing  the  patent  rights  for  the  United 
States.  These  machines  were  erected  in  New  Orleans,  but  were  not  suc- 
cessful. 

In  the  fall  of  1865  the  firm  of  Mepes,  Holden.  Montgomery  & Co.  pur- 
chased one  of  three  Carre  machines  imported  from  France  and  shipped  it 
to  San  .Antonio,  Texas.  It  was  erected  and  put  to  work  at  that  place  under 
the  supervision  of  the  senior  member  of  tlie  firm,  D.  L.  Holden.  .Although 
this  machine  was  erected  in  accordance  with  the  plans  and  specifications  of 
Mr.  Carre,  after  running  it  one  season  many  changes  had  to  be  made,  the 
principal  one  (and  the  first  time  this  was  ever  done)  being  the  placing  of  a 
steam  coil  in  the  still  of  the  machine  for  the  purpose  of  generating  ammonia 
gas.  .At  this  time  resort  had  to  be  made  to  distilling  the  water  on  account 
of  the  lime  and  magnesia  in  it,  when — very  much  to  the  surprise  of  those 
operating  the  ajiparatus — the  ice  came  out  transparent,  which  was  the  first 
transparent  ice  ever  made  by  any  ice  machine  on  a commercial  scale. 

In  1868  the  Louisiana  Ice  Manufacturing  Company  erected  six  lo-ton 
Carre  absorption  ice-making  machines,  which  were  constructed  at  Gretna, 
I^..  opposite  New  Orleans,  by  Sylvester  Bennett,  from  plans  furnished  by 
Mr.  Carre.  The  retorts  or  generators  were  made  of  heavy,  double-riveted 
boiler  iron  and  were  heated  by  direct  fire.  'Phe  freezing  tanks  were  made  in 
the  shape  of  a cross,  each  tank  being  about  7x6x4  feet  deep.  The  cans  hold- 
ing the  water  to  be  frozen  were  2*/^xiox30  inches  deep,  and  when  frozen 
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weighed  twenty-five  pounds  each.  Five  blocks  were  placed  one  upon  the 
other,  making  a block  of  100  pounds.  This  ice  was  not  clear  nor  very  solid, 
and  was  made  of  filtered  river  water,  its  color  resembling  stained  alabaster. 
The  public  did  not  take  to  it  kindly.  The  froth  or  foam  arising  from  the  sur- 
face of  the  water  containing  pieces  of  this  melted  ice  gave  rise  to  several 
objections,  the  most  serious  and  common  being  that  the  ice  contained  am- 
monia and  was  unwholesome.  The  objection,  although  not  real,  caused  the 
Louisiana  Ice  Company  to  employ  a chemist  to  find,  if  possible,  a remedy, 
selecting  Dr.  Joseph  .Albrecht  of  the  United  States  Mint  (New  Orleans),  his 
advice  being  to  boil  the  water  before  it  was  put  into  the  cans,  so  as  to  drive 
off  the  air  and  gases  it  contained.  The  experiments  in  this  direction  were 
successful;  .susequent  experiments  being  made  which  led  to  the  use  of 
condensed  steam  instead  of  hot  water. 

In  April,  1867,  Prof.  P.  H.  Van  der  Weyde,  of  Philadelphia,  Pa.,  patented 
the  use  of  naphtha,  gasoline,  petroleum-ether  and  other  condensed  petroleum 
gases  as  refrigerants  and  in  February,  1869.  the  United  States  issued  his 
letters  patent  (No.  87084)  for  his  ice  machine.  His  apparatus  was  of  the 
vacuum  type,  consisting  chiefly  of  an  exhaust  and  force  pump  and  cooling 
oil,  and  was  arranged  to  produce  both  round  and  square  pieces  of  ice.  His 
machines  were  not  utilized  to  any  great  extent. 

Shortly  after  the  installation  of  the  Carre  machine  in  New  Orleans 
(1868),  mentioned  in  the  foregoing,  Charles  'Fellier,  of  France,  took  out 
patents  on  his  compression  apparatus,  whose  refrigerating  agent  was  methylic 
ether,  and  which  was  designed  to  make  ice  and  refrigerate  air  and  liquids. 
The  date  of  his  letters  patent  in  the  United  States  was  January  5,  1869,  and 
in  that  year  George  Merz,  a prominent  brewer  of  New  Orleans,  imported  a 
small  machine  from  the  works  of  the  inventor  and  erected  it  in  his  plant, 
with  the  object  of  producing  cold,  dry  air  and  of  making  ale  and  lager  beer 
without  ice.  .'\s  it  was  designed  for  ether,  but  ammonia  was  used,  it  did 
not  work  well  and  was  finally  discarded,  although  a commencement  had  at 
length  been  made  in  America  of  artificial  refrigeration  in  breweries. 

In  September,  1869,  April,  1870,  and  at  various  later  dates  Mr.  Holden 
obtained  patents  on  his  refrigerating  apparatus.  His  first  patent  was  No. 
95347»  dated  September  26,  1869.  The  machine  (known  as  the  Regealed), 
which  was  the  culmination  of  Mr.  Holden's  thirty-five  'years’  experience  in 
business,  forms  the  ice  on  the  outer  surface  of  a revolving  cylinder  from 
which  it  is  removed  by  a .scraper,  the  resulting  flakes  or  scales  being  afterward 
compressed  into  cakes.  The  apparatus  is  designed  to  use  either  the  com- 
pres.sion  or  absorption  system. 

John  M.  Beath  was  another  early  and  practical  American  inventor  of  ice- 
making machinery.  In  connection  with  Samuel  B.  Martin  he  constructed  an 
ice  plant  during  i86()  at  Los  -'\ngelcs.  Cal.,  and  in  1870  and  1871  at  San 
Francisco  and  Portland,  Ore.,  respectively.  These  plants  were  operated  by 
compression  machines  and  tlie  ice  was  made  in  the  first  two  by  the  plate 
method  and  in  the  last  by  sprinkling  the  water  to  be  frozen  upon  freezing  or 
congealing  surfaces.  The  first  patent  was  granted  to  Beath  and  Martin  as 
joint  inventors  May  28,  1872  (Martin  having  furnished  the  capital),  and  was 
reissued  on  July  16,  1872,  to  make  it  stronger.  'I'he  patent  specification  de- 
.scribed  the  first  flooded  system  in  which  the  flow  of  refrigerant  to  the  evap- 
orating coils  was  governed  by  the  quantitj’  of  liquid  in  the  evai)Orator  itself. 
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In  1872  Mr.  Beath  constructed  an  ice  plant  in  Chattanooga,  Tenn.,  using 
an  absorption  refrigerating  machine.  This  plant  operated  successfully  the 
following  winter.  The  ice  was  frozen  as  in  the  Portland,  Ore.,  plant,  on 
vertical  pipes  over  which  water  was  sprayed  by  rotating  sprinklers.  The 
ice  was  allowed  to  accumulate  until  the  sjiace  between  the  pipes  was  filled 
and,  although  considerable  labor  was  experienced  in  cutting  this  ice  out.  al.so 
‘with  no  small  percentage  of  waste,  this  factory  caused  a permanent  reduc- 
tion in  the  price  of  ice  in  Chattanooga  of  over  fifty  per  cent.  Beginning 
in  January,  1874,  Beath  applied  for  three  patents  covering  the  ice-making 
machinery  in  this  plant.  The  atmospheric  coil  absorber  used  was  a main  fea- 
ture. These  patents  were  all  issued  in  1875.  The  success  of  the  Chattanooga 
factory  was  such  that  Beath  organized  in  1874  the  North  American  Ice  Com- 
pany and  erected  plants  in  Galveston.  New'  Orleans  and  Atlanta  in  1875.  In 
the  interval  betw'een  the  erection  of  the  Chattanooga  and  the  other  southern 
plants,  Beath  returned  to  San  Francisco  and  improved  and  enlarged  the 
plant  in  that  city. 

Patent  office  records  show  that  be.sides  the  patents  mentioned  above,  one 
was  granted  April  13,  1875.  to  Beath  and  Martin  as  joint  inventors  and  to 
Martin  as  sole  inventor  on  May  5.  1874.  and  .April  20,  1875. 

In  the  early  seventies  the  so-called  cold-air  or  compressed-air  machines 
monopolized  to  a great  extent  the  attention  of  both  inventors  and  the  com- 
mercial world  of  refrigeration.  Franz  Windhausen,  of  Brunsw'ick,  Germany, 
w'as  the  foremost  exponent  in  this  field,  and  his  machines  were  soon  installed 
in  German  and  .American  l)rew'cries.  The  original  letters  patent  w'ere  issued 
in  the  United  States  on  March  22,  1870,  and  are  de.scribed  as  relating  “to 
that  class  of  freezing  and  ice-making  machines  in  which  atmospheric  air  is 
compressed,  then  passed  through  a cooler  and  afterward  expanded  to  remove 
the  heat  (or,  in  other  w'ords,  to  produce  cold),  but  wdiich  machines  have 
hitherto  been  limited  in  their  cold-producing  properties  by  the  degree  of  ex- 
pansion to  w'hich  the  air  is  sulijected  and  liy  the  temperature  of  the  cooling 
water  employed."  Windhausen  patented  his  vacuum  machine  in  Germany  in 
1877,  and  subsequently  in  the  United  States.  In  1878  he  invented  his  com- 
pound vacuum  pump  for  producing  ice  on  a large  .scale,  and  greatly  improved 
it  in  i88r.  so  that  his  machine  would  produce  fifteen  tons  of  ice  in  twenty- 
four  hours — which  was  considered  remarkable  for  that  time. 

.\MM0XI.\  COMPRESSION  M.\CHINES 

•A  few  years  after  the  Windhausen  cold-air  machines  were  placed  on  the 
market  another  German  inventor  came  into  the  historic  foreground.  Prof.. 
C.  P,  G.  Linde,  of  Munich,  Bavaria,  who  introduced  his  ammonia  refrigrat- 
ing machine  in  1873-1875,  He  is  now'  generally  considered  one  of  the  fore- 
most early  exponents  of  the  compres.sion  system.  The  first  attempt  at  putting 
the  machines  in  operation  w'as  made  in  1873,  and  in  1875  was  erected  a com- 
pressor, No.  IV,  for  sweet-water  cooling  in  the  Spaten  Brewery,  Munich. 
Prof.  Linde  patented  his  machine  in  the  United  States  in  1880.  The  first 
Linde  machine  in  the  United  States  w'as  erected  in  the  brewery  of  the  Wacker 
& Birk  Brewing  & Malting  Company,  Chicago,  in  1880,  by  Fred  W.  Wolf. 

Capt.  David  Smith,  the  inventor  of  the  plate  system  of  ice-making,  was 
a native  of  Cape  Cod.  town  of  Chatham,  Mass.,  born  in  1829.  He  built  his 
first  machine  at  San  Francisco  in  1872,  and,  according  to  the  statement  of 
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his  nephew,  Curtis  M.  Smith  of  Washington,  I).  C..  it  was  a one-ton  can 
machine.  This  he  took  to  Honolulu,  and  although  he  made  some  ice  he  had 
trouble  in  confining  the  ammonia ; whereupon  he  put  his  ammonia  pipes  inside 
of  a large  box.  He  filed  an  application  for  a patent  based  on  this  idea  in 
November,  1875,  and  letters  were  granted  him  (No.  173357)  on  February  8, 
1876.  Captain  Smith  was  the  first  to  freeze  water  on  the  outside  of  a con- 
gealing box  with  a coil  of  pipe  immersed  in  brine,  or  in  other  words  to  use 
the  plate  system  of  making  ice. 

Raoul  P.  Pictet,  professor  of  physics  in  the  University  at  Geneva, 
Switzerland,  had  been  experimenting  for  several  years  with  the  liquefaction 
of  gases  and  refrigerating  apparatus,  prior  to  taking  out  his  first  patent  in  the 
United  States  in  February,  1877.  Pictet  found  that  pure  anhydrous  sulphur 
dioxide  may  be  successfully  employed  in  an  apparatus  suitable  for  effecting 
therein  its  continuous  alternate  vaporization  and  condensation,  so  as  to  suc- 
cessfully manufacture  ice  and  refrigerate  air  on  a practical  scale  without 
injury  to  the  apparatus,  or  the  formation  of  ice  within  the  vacuum  or  con- 
densing pump. 

One  of  the  earliest  inventors  and  builders  of  refrigerating  machinery  in 
the  United  States  was  Thomas  L.  Rankin,  a native  of  Ohio,  whose  earliest 
experiments  were  conducted  in  the  South.  His  machines  are  of  the  absorp- 
tion type  and  are  used  in  not  a few  of  the  breweries  of  the  country.  From 
1868  to  1884  no  less  than  twenty-four  patents  were  issued  to  him.  'I'he  api)li- 
cation  of  his  apparatus  included  its  use  for  beer  coolers,  cold  storage  houses 
and  refrigerator  cars,  for  the  manufacture  of  ice,  for  skating  rinks,  the  re- 
frigeration of  breweries  and  packing  houses,  vessels  carrying  meats,  etc.  The 
first  patent  on  an  ice  machine  issued  to  Mr.  Rankin  was  No.  175,498.  dated 
March  28,  1876. 

David  Boyle,  a Scotchman  and  a close  associate  of  D.  L.  Holden.  Thomas 
L.  Rankin  and  other  pioneers,  made  a remarkable  practical  success  of  his  in- 
ventions. From  1875  to  1878  Mr.  Boyle  was  associated  with  V\^  B.  Bushnell, 
of  Quincy,  111.,  building  ice-making  and  refrigerating  machinery  in  Chicago, 
much  of  which  was  shipped  to  Texas.  In  1878  the  Boyle  Ice  Machine  Com- 
pany was  incorporated  in  Chicago,  and  that  company  built  a large  number  of 
ice-making  and  refrigerating  machines. 

In  the  early  part  of  1876,  F.  M.  McMillan  and  .Silas  Merchant  founded  the 
firm  of  F.  M.  McMillan  & Co.,  in  Cleveland,  Ohio,  for  the  purpose  of  manu- 
facturing and  selling  ice-making  machines.  They  employed  John  Fnright  as 
their  supervising  engineer.  The  machine  which  they  proposed  to  build  was 
one  designed  by  either  Merchant  or  McMillan,  and  had  a single-acting  com- 
pressor. No  patent  appears  to  have  been  taken  out  for  this  apparatus,  al- 
though previous  to  the  organization  of  the  .Arctic  Company  it  was  known 
as  the  Silas  Merchant  machine.  In  1877,  Mr.  Enright  designed  and  built  a 
machine  having  a vertical  double-acting  compressor,  'fhe  patent  for  this 
compressor  was  No.  202,641.  With  the  making  of  their  machines  in  1876,  or 
at  least  soon  after.  F.  M.  McMillan  & Co.  commenced  the  manufacture  of 
anhydrous  ammonia,  although  a patent  for  the  drying  of  the  gas  was  not 
issued  to  Mr.  McMillan  until  March,  1879. 

Charles  J.  Ball  installed  his  first  absorption  ice-making  machine  at  Sher- 
man, Texas,  in  1878.  it  having  been  constructed  by  him  in  St.  Louis  in  the 
fall  of  that  year.  It  was  a modified  Carre  machine,  the  ice  tank  being  only 
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eight  feet  square,  and  the  cans  made  of  galvanized  iron  and  copper.  The 
ammonia  pumps,  water  pumps,  boiler  feed  pumps,  brine  pump,  etc.,  were 
driven  by  belt  from  shafting  run  by  a riding  cut-off  slide  valve  engine.  The 
machine  made  about  five  tons  of  ice  daily  with  one  ton  of  coal,  the  actual 
cost  of  installing  same  being  $12,000. 

In  1879  the  first  De  La  Vergne  refrigerating  machine  was  placed  in  the 
Herman  Brewery  at  No.  221  West  Eighteenth  street.  New  York  City,  the 
inventors  of  the  original  apparatus  being  John  C.  De  La  Vergne  and  William 
M.  Mixer.  The  material  improvement  claimed  for  their  patent  over  other 
refrigerating  machinery  based  upon  the  compression  and  expansion  of  am- 
monia, was  the  effective  means  adopted  for  sealing  the  valves  and  joints  and 
lubricating  the  internal  mechanism  of  the  compression  pump,  liy  the  forced 
circulation  of  oil  both  ahead  and  behind  the  compressor  piston  as  stated  in  the 
patent  specifications. 

In  March,  1879.  Larkin  & Scheffer,  of  St.  Louis,  started  an  experimental 
compressor  to  liquefy  and  ship  anhydrous  ammonia  in  suitable  containers. 
It  was  in  18^,  the  year  succeeding,  that  the  Mallinckrodt  Chemical  Works  of 
that  city  founded  a plant  for  the  manufacture  of  anhydrous  ammonia.  These 
were  the  forerunners  of  similar  plants  afterward  established  at  various  points 
in  the  United  States. 

The  decade  from  i88o  to  1890  marked  a very  considerable  activity  in 
the  production  of  new  apparatus.  .-Vinong  the  .American  inventors  of  refrig- 
erating maichincry  to  whom  patents  were  issued  during  this  period  may  be 
mentioned  the  following:  Thomas  L.  Rankin.  Cassius  C.  Palmer,  Thomas 

Cook,  Charles  G.  Mayer,  George  W.  Stevens,  Richard  Thoens,  Francis  V.  De 
Coppet,  Victor  H.  Becker,  Fred  W.  Wolf,  John  Ring,  A.  F,  Ballantine  and 
H.  D.  Stratton. 

A ouarter  century  of  progress 

It  is  just  twenty-five  years  since  there  occurred  one  of  those  fortuitous 
incidents  which  .so  often  mark  radical  changes  in  the  development  of  an  in- 
du.stry.  Through  the  art  of  refrigeration  considerable  good  work  had  been 
done  in  breweries  and  packing  houses  in  the  manufacture  of  ice  and  the 
cold  storage  of  foods  in  a small  way.  But  the  methods  used  were  singularly 
individualistic;  each  manufacturer  had  his  own  type  of  apparattus,  even  to 
the  smallest  detail : there  was  to  a very  large  extent  no  real  refrigerating  en- 
gineering. 'Phis  and  that  was  tried  and  if  it  proved  effective  its  use  was 
continued.  Results  were  sought  with  but  little  regard  as  to  how  those  results 
were  obtained.  Abroad  there  was  some  advance  being  made  in  the  .sciences 
applicable  to  the  art. 

During  those  dark  ages,  as  they  might  be  called  when  speaking  of  refrig- 
erating engineering,  the  individual  received  little,  if  any,  assistance  from  the 
work  done  by  others,  practically  no  one  published  the  results  of  what  experi- 
ments they  had  made,  and  in  many  instances  many  men  were  spending  their 
time  and  energy  on  the  same  problem.  That  there  were  men  at  that  time 
who  will  always  rank  high  in  the  list  of  refrigerating  engineers  there  can  be 
no  doubt,  and  there  is  no  desire  to  belittle  the  wonderful  advance  that  was 
made,  but  had  there  been  the  spirit  of  co-operation,  refrigerating  engineering 
would  have  come  into  its  own  long  before  it  did. 

There  were  practically  no  standards:  there  were  few,  if  any,  attempts  to 
treat  the  problems  in  a .scientific  manner,  insulation  in  many  cases  was  lost 
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sight  of,  and  losses  were  fought  by  expenditure  of  energy  that  might  have 
been  conserved. 

There  had  also  come  about  a diminution  in  demand  for  refrigerating 
machinery;  many  manufacturing  companies  saw  no  great  future  to  the  in- 
dustry, and  took  no  steps  to  build  up  their  plants,  contenting  themselves 
with  making  as  much  as  they  could  from  the  business  offering,  believing  that 
the  volume  would  diminish  rather  than  increase. 

Such  was  the  condition  when  manufacturers  were  called  upon  to  meet 
what  was,  and  will  probably  remain,  the  greatest  shortage  in  the  natural  ice 
crop;  from  the  Mississippi  to  the  Atlantic  Coast  the  cry  went  up  for  ice. 
While  in  a measure  this  circumstance  was  disastrous,  for  some  undertook  to 
supply  in  a limited  time  an  amount  of  equipment  that  was  so  far  beyond  their 
capacity  that  they  could  not  make  the  deliveries  guaranteed,  yet  it  awakened 
the  public  to  the  use  of  mechanical  refrigeration  as  nothing  else  could.  .And 
thus  the  need  for  ice  was  again,  as  at  the  beginning,  the  chief  incentive  for 
the  efforts  put  forth  by  the  inventor  and  the  manufacturer  of  refrigerating 
apparatus.  The  impetus  given  at  that  time  was  unquestionably  the  exciting 
cause  of  flie  wonderful  development  which  the  past  twenty-five  years  have  to 
record.  It  is  well  worth  our  while  to  pause  and  consider  this  quarter  century 
of  progress. 

In  the  development  of  the  refrigerating  engineer  himself  is  to  be  found 
the  keynote  of  the  success  achieved.  .As  soon  as  it  was  apparent  that  in  re- 
frigerating there  was  something  that  could  supply  a long-felt  need,  men  with 
scientific  and  mechanical  training  began  to  consider  the  problems.  Some  there 
were  who  were  so  narrow  that  they  could  not  see  that  by  associating  them- 
selves with  those  who  had  ideas  much  could  be  accomplished.  The.se  men 
pass  into  oblivion  in  spite  of  the  good  work  they  had  done.  On  the  other 
hand,  there  were  those  who  were  quick  to  see  that  a future  did  e.xist,  that 
others  could  teach  them  something  that  could  be  applied  to  their  apparatus; 
they  left  that  old  individualists’  path  they  had  been  following  and  struck  out 
with  others  along  new  trails. 

.An  important  factor  in  this  new  order  of  affairs  was  the  establishment 
of  the  first  trade  journal  in  the  world  devoted  exclusively  to  the  ice  and  re- 
frigeration industries. 

In  every  industry  the  trade  literature  has  had  an  important  bearing  on 
the  development  of  the  industrj'.  This  was  particularly  true  with  a new  and 
chiefi}-  experimental  industry  as  was  the  refrigerating  industry  in  i8go.  Every 
manufacturer,  designer  and  builder  of  refrigerating  plants  was  busy  with  his 
own  problems,  and,  having  solved  same,  imagined  that  he  was  the  only  one 
who  knew  the  secret  and  the  world  w'as  his.  There  was  no  medium  of  inter- 
change of  thought  and  experience,  no  journal  interested  in  disseminating  news, 
awakening  interest  and  promoting  the  industry  in  general.  The  first  to  step 
into  this  sphere  of  activity  was  Ice  and  Refrujeration,  conceived  in  1890  and 
born  July  i,  1891,  when  the  initial  number  appeared.  There  were  no  books 
at  that  time  available  for  the  practical  study  of  the  science  and  application 
of  refrigeration  and  the  first  book  on  this  subject  prepared  in  .America  v\'as 
“The  Compend  of  Mechanical  Refrigeration,”  now  in  its  ninth  edition.  This 
work  was  followed  by  other  books  until  at  the*present  time  there  is  an  exten- 
sive library  on  the  subject.  The  success  of  the  pioneer  trade  journal  in  the 
refrigerating  field  brought  into  being  a few  years  later  other  similar  journals 
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in  various  European  countries,  ami  some  in  this  country,  two  of  whicli 
are  still  in  existence,  'I'licse  publications,  by  arousing  interest  and  pointing 
out  the  vast  field  open  for  the  application  of  refrigeration,  stimulated  scientific 
investigations  and,  by  offering  a medium  through  which  the  results  obtained 
by  the  most  expert  in  any  part  of  the  world  were  almost  at  once  made  known 
to  all  others  working  in  the  same  domain,  were  able  to  exert  a vast  influence 
in  the  development  of  the  industry. 

kEKRIGEKATING  SOCIETIES  ORGANIZED 

In  1904.  there  was  organized  The  American  Society  of  Refrigerating 
Engineers,  in  which,  as  it  exists  to-day,  the  engineer  finds  that  co-operation 
and  assistance  needed  to  advance  the  art.  Dead  work  has  to  a large  extent 
been  eliminated — one  now  begins  where  the  other  has  left  off,  data  is  con- 
sidered, criticised  and  the  help  that  results  makes  possible  the  rapid  <lcvclop- 
ment  of  the  idea. 

As  soon  as  the  problems  were  attacked  with  scientific  methods,  it  was 
found  that  much  of  our  basic  data  was  wanting  or,  if  it  existed,  was  wrong — 
something  must  be  done.  Much  help  was  had  from  certain  technical  institu- 
tions and  certain  manufacturers  did  yeoman  service  toward  getting  at  the 
facts.  An  elaborate  testing  plant  was  erected  at  York,  Pa.,  and  most  careful 
tests  were  made,  the  results  of  which  were  freely  given  out.  But  the  engi- 
neers and  the  industry  hungered  for  more  and  for  that  which  would  be  author- 
itative. This  recpiircd,  besides  money,  the  service  of  men  trained  in  scientific 
investigation  and  research.  'I'he  engineers  themselves  were  not  strong 
enough  to  secure  this,  although  they  had  been  urging  it.  Fortunately  there 
had  grown  up  in  this  country  an  association  of  men  interested  primarily  in 
the  commercial  side  of  the  industry,  but  who  recognized  the  value  that  would 
accrue  to  all  if  these  matters  could  be  settled.  I his  organization,  known  as 
The  American  Association  of  Refrigeration,  put  its  shoulder  to  the  wheel  and 
things  began  to  move.  There  has  been  built  up  what  is  known  as  the  Inter- 
national Association  of  Refrigeration  composed  of  those  throughout  the 
world  who  are  interested  in  the  problems  of  refrigeration  and  which  to-day  is 
the  most  powerful  instrument  for  the  development  of  the  art  that  there  is. 
The  Third  International  Congress  of  Refrigeration,  in  conjunction  with  the 
great  Refrigeration  Exposition  held  in  Chicago,  September  17  to  24,  1913, 
under  the  auspices  of  the  International  Association,  brought  together  a large 
number  of  the  world’s  best  thinkers  and  practical  experts  in  refrigeration,  in- 
cluding official  government  delegates  from  over  thirty  countries,  resulting  in 
the  interchange  of  ideas,  the  statement  of  problems  and  the  attempts  at  their 
.solution,  and  was  of  inestimable  value  in  stimulating  desire  for  further  re- 
search and  experiment. 

The  influence  that  the  American  Association  was  able  to  bring  upon  our 
government  resulted  in  getting  its  co-operation  in  solving  many  problems 
that  had  arisen.  And  in  the  United  States  Bureau  of  Standards  was  found 
the  instrument  that  could  undertake  a work  not  possible  by  private  enterprise. 
When  this  bureau  has  determined  something  it  speaks  with  authority.  It  has 
already  settled  that  long-disputed  cpiestion  as  to  the  latent  heat  of  ice,  and  is 
now  at  work  on  other  problems  whose  solutions  engineers  and  the  industry 
await  with  keen  interest.  With  organizations  striving  to  assist  in  the  devel- 
opment, and  a body  of  refri.gerating  engineers  devoting  their  lives  to  the 
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efficient  application  of  the  art  to  the  needs  that  arise  and  who  are  also 
pointing  out  where  refrigeration  can  serve  mankind,  all  of  which  has  come 
about  in  largest  measure  during  these  later  years,  we  can  naturally  look 
for  a wonderful  advance,  and  in  this  we  are  not  disappointed.  But  as  we 
stand  to-day  and  look  about  us  from  the  vantage  point  that  has  been  gained, 
it  can  be  seen  that  the  future  holds  out  promises  for  greater  achievements  and 
he  who  writes  of  the  next  twenty-five  years  will  have  much  to  tell ; but  then 
it  will  be  seen  even  more  plainly  than  now  how  the  past  twenty-five  years  laid 
the  broad  foundations  for  future  success. 

MODERN  IMPROVEMENTS 

To  recount  all  the  improvements  made  would  be  an  endless  task,  and  yet 
it  is  well  to  call  to  mind  some  of  the  more  important  ones,  and  this  will  be 
sufficient  to  repudiate  the  statement  which  has  been  made  that  the  refrigerating 
engineer  has  not  made  the  progress  that  can  be  shown  in  some  other  lines  of 
engineering. 

In  machine  design  the  layman  may  perhaps  not  notice  the  changes  which 
have  taken  place,  but  the  scientific  consideration  of  the  problems  of  compres- 
sors has  enabled  the  manufacturers  to  make  their  compressors  more  efficient 
without  much  change  in  appearance.  There  has,  however,  been  one  change  in 
compressors  which  is  apparent  to  the  eye  and  that  is  where  formerly  the  water 
jacket  enclosed  the  entire  cylinder,  it  is  now  confined  to  the  end  where  the 
heat  is  generated ; this  is  logical,  for  the  water  is  warmer  than  the  gas  return- 
ing from  the  evaporator  and  if  brought  into  contact  with  that  part  of  the 
compressor  which  is  cooled  by  the  incoming  gas  it  will  have  a tendency  to 
impart  heat  to  the  gas,  thus  expanding  it,  which  is  just  what  it  is  desired  to 
avoid.  On  the  other  hand,  if  the  water  can  be  brought  into  more  intimate 
contact  with  that  portion  of  the  compressor  which  is  heated  in  the  process 
of  compression  it  will  be  able  to  accomplish  more  good.  Therefore,  one  now 
finds  the  heads  well  water  jacketed,  while  the  suction  ports  are  often  insulated 
to  prevent  any  heat  absorption. 

It  is  now  well  recognized  that  the  matter  of  filling  the  compressor  with 
as  much  weight  of  ammonia  as  possible  is  most  imiKirtant.  Compressors  are 
in  service  using  what  is  termed  a “multiple  effect”  whereby  these  compres- 
sors are  filled  with  the  returning  ammonia  at  a higher  pressure  than  exists 
in  the  main  evaporator,  which  is  accomplished  by  opening  a connection  to  the 
compressor  after  it  has  filled  with  the  gas  from  the  main  evaporator,  with  a 
line  from  some  source  where  the  pressure  is  high.  The  result  is  that  this 
higher  pressure  does  part  of  the  work  of  compressing  the  cylinder  full  of  gas. 
This  higher  pressure  may  come  from  another  evaporator  service  maintained 
at  higher  temperature;  or  from  a special  evaporator  where  the  ammonia  liquid 
is  cooled.  Then,  again,  rotary  blowers  have  been  installed  on  the  line  lead- 
ing from  the  evaporator  whereby  the  gas  is  raised  in  pressure  with  a less  ex- 
penditure of  energy  than  would  be  needed  in  the  main  compressor,  and  the 
main  compressor  is  increased  in  capacity  by  being  filled  with  gas  at  a higher 
pressure. 

Much  thought  has  been  given  to  getting  the  compressor  to  fill  to  as  near 
as  possible  the  pressure  in  the  suction  line,  and  this  has  been  accomplished  by 
overcoming  the  resistance  offered  Iiy  the  suction  valve.  To-day  there  are  being 
tried  various  ways  to  further  increase  the  efficiencj'.  As  low  temperatures  are 
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demanded  some  way  must  be  found  to  compensate  for  the  loss  in  compressor 
efficiency  due  to  low  temperature  work.  One  of  the  ways  is  by  the  use 
of  the  multiple  effect  compressors. 

The  first  patent  on  a multiple  effect  compressor  was  issued  to  Gardner  T. 
Voorhees  of  Boston.  Mass.,  July  4,  igo5,  having  been  filed  July  30,  1903.  Be- 
sides the  customary  discharge  and  suction  ports  for  a compressor,  Voorhees 
proposed  an  additional  suction  port  with  a valve  governing  it,  opening  into 
the  cylinder  from  a source  of  higher  pressure  gas.  The  operation  consisted 
first  of  filling  the  cylinder  with  low-pressure  gas  and  then  allowing  the 
higher  pressure  gas  to  enter,  partly  compressing  the  gas  already  in  the  cylinder, 
the  piston  then  compressing  the  mixture. 

Oflier  patents  have  since  been  granted  to  Mr.  Voorhees  covering  a dif- 
ferent application  of  multiple  effect  principle  to  compressors  and  also  a patent 
on  a multiple  effect  receiver. 

'Pile  use  of  internal  combustion  engines  and  electric  motors  is  compelling 
the  manufacturers  of  compressors  to  construct  these  so  that  they  may  operate 
successfully  at  speeds  commensurate  with  such  engines  and  motors,  and  this 
is  being  accomplished  more  rapidly  than  .some  are  aware.  A number  of  such 
plants  are  now  in  successful  operation,  producing  refrigeration  at  extremelj' 
low  cost.  In  the  case  of  ice  factories  making  raw-water  ice.  the  elimination 
of  the  boiler  plant  and  distilling  apparatus  bas  materially  reduced  the  items 
of  investment  and  depreciation. 

The  ammonia  absorption  machines,  operating  on  the  principle  that  water 
absorl)s  ammonia  gas  at  a low  temperature  and  pressure  and  realeases  this  gas 
at  high  temperature  and  pressure,  have  been  greatly  developed  during  the  last 
twenty-five  years  and  brought  to  a very  high  state  of  efficiency  and  simplicity, 
and  are  now  in  frequent  use,  and  bid  fair  to  become  more  and  more  a fac- 
tor in  plant  economy,  particularly  for  low-temperature  work.  Especially  is 
this  true  of  the  exhaust  steam  absorption  machines,  which  are  making  for 
greater  plant  efficiency,  as  they  can  be  made  to  develop  a large  amount  of 
valuable  refrigeration  from  the  exhaust  that  has  heretofore  been  wasted.  Truly 
no  greater  advance  can  be  made  in  any  industry  than  to  find  a use  for  that 
which  is  being  wasted. 

While  ammonia  machines  have  been  principally  mentioned  there  have  been 
as  marked  improvements  in  machinery  using  other  than  ammonia  as  the  re- 
frigerant. This  is  particularly  true  of  the  carbon  dioxide  machines,  the 
efficiency  of  which  has  been  greatly  increased  and  a large  number  are  now  in 
successful  operation.  They  are  claimed  to  be  specially  suitable  for  hotels, 
restaurants,  on  shipboard,  etc.  Some  small  SOs  machines  have  also  been  intro- 
duced and  also  an  ethyl  chloride  machine  having  a rotary  compressor.  /\s  the 
field  of  refrigeration  widens,  the  question  often  arises,  what  refrigerant  is  best 
for  a given  purpose.  No  longer  does  one  buy  refrigerating  equipment  simply 
because  it  can  produce  refrigeration,  but  the  purchaser  now  asks  for  the  type 
of  equipment  that  will  be  the  best  and  most  efficient  for  the  purpose  for  which 
it  is  to  be  used. 

The  ammonia  condenser  for  many  years  was  considered  as  efficient  as 
was  needed  : but  here  too  the  desire  for  more  effective  results  has  wrought 
a revolution.  Scientific  attention  has  been  given  to  their  design  and  con- 
struction and  it  has  been  found  that  condensers  can  be  made  which  will  dis- 
charge the  ammonia  at  a temperature  within  a very  few  degrees  of  the  water 
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used  for  cooling,  and  at  the  same  time  will  keep  the  condenser  pressure  lower, 
both  these  results  making  for  greater  efficiency  and  being  accomplished  with 
less  than  half  the  amount  of  surface  formerly  required.  Among  the  improve- 
ments which  are  radical  departures  from  the  old  type  are  the  double-pipe 
ammonia  condensers,  which  have  come  into  general  use,  but  the  latest  devel- 
opment along  this  line  is  what  is  termed  the  flooded  condenser,  in  which 
the  hot  ammonia  discharged  from  the  compressor  comes  in  contact  with  liquid 
ammonia  and  is  quickly  condensed,  resulting  in  a heating  of  the  liquid  am- 
monia. This  heated  liquid  is  then  cooled  by  water  in  the  usual  way.  but  more 
easily,  for  here  there  is  liquid  on  either  side  of  the  walls  of  the  condensers, 
which  makes  possible  a much  more  rapid  transfer  of  heat  for  a given  surface 
than  would  be  possible  where  the  ammonia  is  a gas.  Many  inventors  and  engi- 
neers have  contributed  to  the  success  of  the  newer  forms  of  condensers, 
notably  Westerlin  and  Campbell  with  the  double-pipe  apparatus,  and  Louis 
Block  and  Thomas  Shipley  with  the  flooded  type  of  condenser. 

One  of  the  important  advances  which  have  been  made  is.  in  what  is 
termed  the  flooded  gravity  system  of  feeding  the  ammonia.  H.  J.  Krebs,  of 
Wilmington,  Del.,  was  granted  patent  No.  436,003  September  9.  1890.  which 
seems  to  cover  the  present  flooded  system.  Krebs'  patent  involved  the  u.se  of 
an  accumulator  placed  above  the  evaporating  coils.  The  level  of  the  refrig- 
erant in  this  accumulator  was  maintained  automatically  and  from  this,  with  the 
aid  of  gravity  or  mechanical  means,  the  coils  were  "flooded.”  The  discharge 
from  the  evaporating  coils  entered  the  top  of  the  accumulator,  where  any 
entrained,  unevaporated  refrigerant  was  separated  from  the  vaporized  part 
before  the  latter  was  allowed  to  return  to  the  compressor  or  absorber.  In- 
creased capacity  of  the  evaporating  coils  was  claimed  to  be  secured  by  this 
system. 

By  the  use  of  this  accumulator  with  the  addition  of  a valve  on  the  suc- 
tion line,  Krebs  was  able  to  maintain  a higher  pressure  in  the  evaporating 
coils  than  exi.sted  in  the  suction  line.  This  feature  enabled  the  operation  of 
different  coils  at  different  pressures  aiul  temperatures,  while  all  were  con- 
nected to  the  same  machine.  This  system,  although  old,  has  only  lately  been 
revived  and,  while  proving  very  efficient  under  certain  conditions,  requires  still 
considerable  .scientific  and  experimental  work  to  be  done  upon  it. 

Primarily  this  method  is  based  on  the  fact  that  the  colder  the  gas,  the 
greater  its  density,  so  that  after  the  ammonia  has  been  converted  into  a gas 
in  the  evaporator  it  is  desirable  to  get  it  to  the  compressor  as  near  the  tem- 
perature at  which  it  was  converted  as  possible.  The  greater  weight  of  am- 
monia thus  handled  by  the  compressor  for  a given  displacement  more  than 
offsetting  the  small  gain  that  might  be  had  from  superheating  the  gas  on  its 
way  to  the  compressor.  It  is  possible  with  this  method  to  keep  the  evap- 
orator filled  with  liciuid  ammonia,  allowing  the  more  rapid  flow  of  heat  through 
(he  walls  of  the  evaporator.  This  is  especially  true  of  ice  or  brine  tanks 
where  the  liquid  to  be  cooled  is  on  one  side  and  the  boiling  licpiid  ammonia 
on  the  other. 

The  shell  type  of  brine  coolers  were  the  first  to  use  this  method,  later  its 
use  with  pipe  coils  as  evaporator  has  b.ecome  general.  Very  naturally  there 
had  to  be  developed  along  with  this  the  various  types  of  accumulators  or 
separating  tanks,  .so  as  to  present  the  liquid  returning  to  the  compressor. 

Combined  in  these  accumulators  is  the  principle  of  returning  direct  to  the 
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compressor  that  portion  of  the  liquid  ammonia  which  is  evaporated  in  cool- 
ing the  liquid  from  the  temperature  of  the  condenser  to  that  of  the  evaporator. 

In  the  shell  type  of  brine  coolers  this  is  easily  effected,  hut  in  coil  tanks 
there  is  required  some  way  of  having  only  that  ammonia  liquid  which  has 
been  cooled  to  the  evaporating  temperature  pass  to  the  coils,  and  here  is 
where  the  varied  type  of  accumulators,  as  they  are  called,  come  in.  There  are 
some,  however,  that  consider  it  desirable  to  allow  this  gas  generated  in  the 
cooling  of  the  liipud  to  pass  through  the  coils  on  the  theory  that  the  liquid 
is  thereby  agitated  in  the  coils  and  the  net  result  is  a gain. 

In  connection  with  these  methods  of  handling  the  ammonia  the  greater 
need  has  come  for  the  use  of  thermometers,  in  order  to  determine  first  that 
the  liquid  ammonia  is  cooled  as  much  as  possible  with  the  water  available 
for  cooling ; secondly,  to  know  that  the  gas  coming  from  the  evaporators  is 
as  little  superheated  as  possil  le.  The  use  of  thermometers  in  refrigerating 
plants  is  on  the  increase;  and  just  so,  for  the  whole  process  is  one  of  heat 
transmis.sion,  which  can  only  be  properly  considered  when  temperatures  are 
known.  It  is  axiomatic  in  all  work  in  refrigeration  that  as  much  of  the  work 
as  possible  be  done  by  natural  means  before  applying  mechanical.  I his  is 
well  evidenced  in  the  cooling  of  the  distilled  water  to  as  near  the  temper- 
ature of  the  water  available  for  cooling  as  possible,  which  means  much  in 
the  way  of  saving  of  mechanical  refrigeration. 

IMPROVED  METHODS  OF  ICE  MAKING 

The  demand  for  the  manufacture  of  ice  where  forms  of  power  other 
than  steam  engines  are  available,  brought  about  by  the  decreased  cost  of 
power  through  the  use  of  internal  combustion  engines  or  electric  motors,  used 
in  connection  with  ammonia  or  carbonic  acid  comjiression  machines,  has  in- 
troduced a great  variety  of  methods  for  the  manufacture  of  ice.  The  plate 
system,  one  of  the  earliest  methods  of  making  ice.  has  been  greatly  improved 
and  made  more  efficient,  and  other  systems,  such  as  "center  freeze,"  Holden's 
process  of  compressing  into  block  ice  shavings  cut  from  revolving  drum.s  on 
which  ice  has  been  frozen,  and  the  Patten  vacuum  system,  making  opaque 
ice,  have  been  introduced  and  e.xperimented  with  on  a large  scale. 

The  greatest  development,  however,  has  been  in  the  manufacture  of  first- 
class  merchantable  ice  in  cans  from  raw  or  undistilled  water.  This  is  now 
an  accomplished  fact,  and  while  there  are  a great  variety  of  methods  the 
general  characteristic  is  that  the  water  in  process  of  freezing  is  kept  in  agi- 
tation by  means  of  air  discharged  into  it,  or  kept  in  motion  by  mechanical 
agitation,  'bhis  has  made  it  necessary  to  solve  many  problems  connected 
with  the  water  itself.  Certain  impurities  affect  the  ice  made  in  this  way  to 
such  an  extent  that  these  impurities,  usually  in  the  form  of  solubles,  must 
fir.st  be  removed. 

A patent  was  issued  .August  6.  igoi.  to  Edgar  J.  Ullrich  of  Colorado 
Springs.  Col.,  for  an  attachment  to  an  ice  can  for  the  purpose  of  supplying 
compressed  air  or  gas  at  the  ba.se  of  the  can  to  produce  circulation  in  the 
water  in  the  can  during  the  process  of  freezing.  This  appears  to  be  the  first 
patent  issued  covering  this  method.  Other  patents  have  since  been  issued, 
covering  various  systems  or  parts  of  apparatus  for  the  production  of  crystal 
ice  in  cans  from  raw  water,  to  Simon,  Berryman,  Parsons,  Pownall,  Beale, 
Shipley,  Jewell,  Fisher.  Pharo,  Maginnis  and  others. 
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Greater  efficiency  has  been  attained  by  the  distilled  water  plants  also 
tbrougb  more  economical  steam  engines  and  the  use  of  multiple  effect  evap- 
orators. To-day  it  is  possible  to  produce  a uniform  quality  of  product  at  a 
reduced  cost. 

Large  brine  tanks  with  coils  therein  for  refrigeration  uses  other  than  ice 
making  have  been  largely  superseded  by  the  use  of  brine  coolers  either  of 
the  shell  type  or  the  double-pipe  type,  and  in  many  instances  ice  tanks  have 
been  and  are  being  constructed  without  coils  wherein  the  brine  is  cooled 
by  such  brine  coolers  frequently  placed  in  the  ice-making  tank. 

Street  pipe-line  systems  of  refrigeration,  which  at  one  time  bid  fair  to 
become  important  factors  in  the  production  and  distribution  of  refrigeration, 
seem  to  have  encountered  so  many  difficulties  that  little  has  been  done  in  this, 
direction  during  recent  years.  At  the  present  time  there  are  only  two  large 
installations  of  this  kind — one  at  St.  Louis.  Mo.,  operating  on  the  ammonia 
direct  expansion  system,  and  one  in  Hoston,  Mass.,  using  brine  as  a circu- 
lating medium,  'fhere  arc,  however,  a number  of  short  pipe-line  systems 
in  connection  with  ice  making  and  cold  storage  operating  with  more  or  less 
success. 

The  small  machine  has  come  to  be  a factor,  and  has  reached  a degree 
of  perfection  that  makes  it  possible  for  any  one  who  has  daily  use  for  from  a 
half  a ton  refrigeration  up,  to  secure  an  equipment  that  can  be  economically 
and  successfully  handled.  Many  thousands  are  now  in  use. 

The  domestic  machine,  as  it  is  called  in  coimtcr  distinction  to  the  small 
machine,  has  received  a vast  amount  of  attention,  but  the  problems  confront- 
ing the  use  of  such  a machine  are  enormous,  and  while  many. of  them  have 
been  solved  it  cannot  as  yet  be  considered  a commercial  success  for  use  in 
the  average-sized  family.  There  are.  however,  some  half  dozen  machines  de- 
signed for  domestic  use  which  have  reached  that  degree  of  perfection  where* 
their  further  development  will  be  watched  with  much  interest. 

Our  engineers  have  taken  up  the  question  of  ventilation  and  air  puri- 
fication in  connection  with  refrigeration,  and  the  improvements  shown  in 
cold  storage  and  brewery  installations  testify  to  the  value  of  the  work  they 
arc  doing.  .\ir  conditioning,  as  it  is  called,  is  more  and  more  becoming  a 
factor  in  human  existence,  as  by  means  of  refrigeration  it  is  possible  to  ob- 
tain a humidity  control  which  is  so  essential  in  certain  lines  of  work  and 
especially  in  buildings  where  people  congregate.  Refrigeration  has  been  suc- 
ce.ssfully  used  for  the  cooling  of  rooms  in  hospitals,  banks,  hotels,  business 
houses,  factories,  theaters  and  churches. 

Some  of  the  best  engineering  talent  has  been  engaged  for  a number  of 
years  in  developing  suitable  insulation  for  cold  storage  houses  so  far  as  to 
minimize  heat  leakage  into  chilled  spaces  and  to  perfect  material  that  would 
withstand  moisture,  lessen  the  fire  hazard  and  not  cost  more  than  the  limits 
of  economic  operation  would  warrant.  , Likcwi.se,  in  order  to  avoid  losses  in 
the  refrigerating  apparatus,  piping,  etc.,  in.sulation  of  liquid  and  suction  lines, 
of  brine  coolers  and  brine  pipe,  of  freezing  tank,  water  storage  tanks,  accu- 
mulators, receivers,  etc.,  has  been  almost  universally  applied.  Insulation  as 
an  economic  necessity,  wherever  refrigeration  is  applied,  has  shown  marked 
improvement  both  on  the  scientific  and  practical  sides  during  the  past  tw'enty- 
five  years. 

The  scope  and  usefulness  of  refrigeration,  as  applied  to  transportation 
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of  perishable  fruits,  have  been  greatly  extended  by  the  development  of  precool- 
ing, .AlS  pomologist  for  the  United  States  Department  of  Agriculture,  G. 
Harold  Powell,  about  1905,  conducted  experiments  in  California  on  precool- 
ing of  fruits,  which  were  so  successful  as  to  fully  establish  the  value  of  this 
method.  Since  then  large  precooling  stations  have  been  erected  at  Rose- 
ville, San  Bernardino  and  Colton,  Cal.,  also  in  Texas  and  other  Southern 
States.  One  of  these  California  plants  alone  is  able  to  precool  at  one  time 
thirt}'-two  cars  of  fruit  in  four  hours. 

Precooling,  as  is  well  known,  consists  in  reducing  the  temperature  of 
the  fruit  or  product  to  be  transported  before  shipment  is  begun.  'I'wo  methods 
are  in  use — one  cooling  the  goods  in  a warehouse  before  placing  them  in 
refrigerator  cars,  and  the  other  cooling  the  goods  after  they  have  been  placed 
in  the  car  by  circulating  cold  air.  The  fruit  that  has  been  precooled  not  only 
arrives  at  its  destination  in  better  condition,  but  it  is  not  necessary  to  re-ice 
the  refrigerator  cars  as  often,  thus  saving  time  and  expense  in  transit.  E.x- 
periments  with  an  aim  to  adapting  precooling  to  a wider  range  of  fruits,  vege- 
tables and  other  perishable  foods  are  being  conducted  at  the  present  time. 
Precooling  has  also  made  it  possible  to  ship  to  much  greater  distances,  and 
thus  greatly  extend  the  market  for  many  small  fruits,  such  as  grapes,  cherries, 
red  raspberries  and  other  highly  perishable  fruits, 

SURVEY  OF  EXTENT  OF  REFRIGER.VTING  INDUSTRY  IN  U.  .S. 

A brief  survey  of  the  province  of  refrigeration  in  industry  and  the  mag- 
nitude of  the  refrigerating  industry  may  not  be  without  interest.  Mechanical 
refrigeration’ has  invaded,  or  is  being  utilized  in,  almost  every  department  of 
human  industry.  In  the  “Ice  and  Refrigeration  Blue  Book"  are  listed  about 
, 140  separate  industries  in  which  refrigerating  machinery  is  employed.  It  need 
only  be  mentioned  that  it  has  entirely  superseded  the  whole  natural  ice  product 
in  the  ice  supply  in  all  Southern  States,  and  is  rapidly  displacing  it  in  North- 
ern States.  Thus  at  the  present  time  fully  sixty  per  cent  of  all  the  ice 
supply  of  Greater  New  York  is  manufactured  ice,  and  in  Boston,  Maine  and 
Canada  manufactured  ice  is  being  introduced  in  increasing  quantity. 

Cold  storage  has  revolutionized  market  conditions  in  all  perishable  foods, 
conserving  the  surplus  of  harvests,  providing  a remunerative  market  all  the 
j'ear  around,  and  thus  stimulating  production,  and  giving  to  all  consumers  a 
full  variety  of  foods  at  all  times  of  the  year  regardless  of  seasons  of 
production. 

There  arc  now  approximately  i.oco  general  cold  storage  warehouses  in 
the  United  States  having  cold  storage  space  of  about  250,000.000  cubic  feet. 
If  to  this  be  added  the  cold  storage  rooms  in  packing  houses  and  breweries,  the 
figures  will  become,  with  650  packing  houses  and  1.200  breweries,  approxi- 
mately 3.C00  cold  stores  and  artificially  cooled  space  of  at  least  400,000,000 
cubic  feet.  Then  if  to  this  be  added  the  cold  storage  rooms  of  creameries, 
produce  merchants  and  apple  storers,  at  least  2,000  more  mu.st  be  added,  and 
the  number  of  cold  stores  will  reach  at  least  5,000  and  the  cooled  space  ap- 
proximately 500,000,000  cubic  feet,  and  that  still  would  not  include  the  cold 
storage  refrigerators  in  .some  3.000  meat  markets,  600  or  700  ice  cream 
factories,  i.oco  hotels,  400  restaurants,  200  club  houses,  400  hospitals,  500 
confectioners  and  bakers,  300  department  and  general  stores.  300  groceries, 
300  public  buildings,  asylums,  prisons,  etc.,  200  fish-handling  plants,  not 
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to  mention  artificially  cooled  departments  in  chemical  laboratories,  powder 
factories,  government  posts,  etc.  The  value  of  the  products  kept  from  spoil- 
ing by  refrigeration  in  these  more  than  12,000  refrigerated  places  has  never 
been  estimated,  but  it  must  be  enormous. 

The  effect  of  utilization  of  refrigeration  upon  consumption,  production 
and  prices  has  been  phenomenal  and  offers  a striking  example  of  the  benefits 
derived  from  the  introduction  of  mechanical  refrigeration.  Thus,  for  ex- 
ample. statistics  presented  at  the  U.  S.  Senate  Committee  Hearings  in  1911 
showed  that  in  New  York  City  the  average  yearly  per  capita  consumption 
of  eggs  during  the  decade  1880-1890,  with  no  cold  storage,  was  265.  During 
1900-1910,  with  ample  cold  storage,  it  was  318.  According  to  data  compiled 
by  the  U.  S.  Bureau  of  Statistics  the  per  capita  consumption  of  eggs  in  the 
seven  leading  cities  of  the  United  States  was  396  in  1900,  when  cold  storage 
first  came  into  general  use,  while  in  1913  it  had  already  risen  to  492  per  capita. 
Still  more  significant  is  the  fact  that  while  increased  consumption  would 
naturally  lead  to  advance  in  price,  and  while  prices  for  other  food  products 
did  advance,  as  everyone  knows,  the  price  of  eggs  has  not  advanced,  the 
average  wholesale  price  per  dozen  in  New  York  City  during  the  decade  1880- 
1890  (no  cold  storage)  was  26^  cents  during  November,  December  and 
January  and  15J4  cents  during  April,  May  and  June:  for  1900-1910,  when  cold 
storage  was  general,  the  average  price  in  April.  May  and  June  was  cents, 
in  November,  December  and  January  21^  cents  for  8/idths  of  the  eggs  and 
29^4  cents  for  fresh  gathered,  which  numbered  not  over  2/ioths  of  the 
total,  so  that  the  average  wholesale  price  for  the  year  was  actually  lower 
after  the  advent  of  cold  storage  than  before.  A similar  showing  is  apparent 
in  butter  statistics.  Although  per  capita  receipts  have  decreased  since  the 
advent  of  cold  storage,  the  average  w'holesale  price  for  first  quality  butter 
was  8J4  cents  less  during  the  winter  season  in  the  decade  1900-1910  than  in 
the  decade  1880-1890,  and  during  the  summer  only  cents  higher,  as  shown 
in  official  statistics,  pulished  in  “Ice  and  Refrigeration  Blue  Book.'’  The 
latest  statistics  compiled  indicate  that  at  present  approximately  30,000  refriger- 
ating machines  are  in  operation  in  the  United  States,  representing  an  invest- 
ment of  approximately  $350,000,000,  and  directly  affecting  products  valued 
at  over  $3,000,000,000. 

The  economy  gained  through  con.servation  by  refrigeration  of  what  was 
once  wasted,  and  the  added  production  made  possible  by  cold  storage  of  the 
seasonable  surplus,  have  been  of  very  much  greater  benefit  than  is  ordinaril)- 
understood.  When,  for  instance,  it  is  considered  how  hundreds  of  millions 
of  pounds  of  fresh  meats  arc  con.served  by  refrigeration  so  that  fresh  meat  is 
obtainable  at  uniform  prices  and  quality  all  the  year  around,  and  likewise 
many  million  pounds  of  fresh  fish ; that  abundance  of  first  class  butter  at  all 
sea.sons  is  made  possible  only  through  refrigeration,  and  that  before  its  advent 
rancid  butter  was  the  rule  rather  than  the  exception  during  eight  months  of 
the  year;  that  but  for  refrigeration  the  35.CC0  cars  of  citrus  fruits  from 
California  and  the  20,000  cars  from  Florida,  which  give  to  all  parts  of  the 
United  States  an  abundance  of  oranges  and  grape  fruit  at  all  times,  would  be 
impossible,  and  that  the  5000  cars  of  cantaloupes  shi[)ped  from  the  Imperial 
Valley  of  California  alone  this  summer  could  not  have  been  grown  and 
marketed  without  refrigeration;  that  practically  germ-free  milk  and  certified 
pure  milk  for  babies,  which  has  had  so  great  an  effect  upon  the  death  rate 
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and  reduced  sickness,  would  l)e  impracticable  without  refrif^eration  and  the 
refrigerating  engineer;  that  the  universal  use  of  a variety  of  fresh  foods  all 
the  year,  made  possible  only  by  refrigeration,  has  added  greatly  to  man’s 
health,  happiness  and  efficiency — when  all  these  things  are  considered,  when 
all  the  conservation  by  refrigeration  is  considered  and  all  the  added  produc- 
tion because  of  the  great  widening  of  markets  for  perishable  products  is 
taken  into  account,  it  will  be  found  that  it  is  a conservative  estimate  to  state 
that  mechanical  refrigeration  serves  to  add  at  least  one-half  billion  dollars 
to  the  wealth  of  the  people  of  the  United  States  each  year,  besides  adding 
enormously  to  their  comfort  and  convenience. 

Many  industries  have  appealed  for  help  in  obtaining  “temperature  below 
the  normal  for  useful  purposes,”  which  is  in  part  the  definition  of  the  field  of 
the  refrigerating  engineer  as  enunciated  by  the  first  president  of  'fhe  .American 
Society  of  Refrigerating  Kngineer.s — Mr.  John  E.  Starr.  .And  they  have  not 
appealed  in  vain,  for  the  engineer  has  been  ready  to  solve  the  problems 
offered,  and  in  some  instances  to  anticipate  them  and  call  the  attention  of 
the  manufacturer  to  the  good  that  they  might  get  from  the  use  of  refrigeration. 

Think  of  there  being  in  the  photographic  art  a refrigerating  capacity  in 
one  factory  alone  of  over  3.0C0  tons ! And  consider  that  refrigeration  is  now 
playing  an  important  part  in  such  diverse  industries  as  silk  manufacture, 
leather  from  hides  to  finished  product,  tobacco,  dye  stuffs,  c.xtracts,  electrical 
apparatus,  explosives,  floriculture,  horticulture,  glues  and  gelatin,  mercerizing, 
petroleum  perfumes,  rubber,  shaft  sinking,  blast  furnaces,  automobile  fac- 
tories. laundries,  paper  manufacturing,  the  textile  industry  and  many  others. 

The  wonder  is  that  in  so  short  a time  so  much  has  been  accomplished. 
Who  could  have  twenty-five  years  ago  in  the  wildest  flight  of  imagination 
conceived  such  a development  for  refrigeration? 
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PROGRAM 

Eleventh  Annual  Meeting 

The  American  Society  of  Refrigerating 

Engineers 

Monday,  Tuesday  and  Wednesday,  December 

6,  7 and  8,  1915 

UNITED  ENGINEERING  SOCIETY  BUILDING 
29  West  39th  Street,  New  York,  N.  Y. 

MONDAY,  DECEMBER  6 

Morning  Session,  lo  o’clock: 

1.  Roll  call. 

2.  Reading  of  minutes  of  Tenth  Annual  Meeting  and  I'ourth  Western 

Meeting. 

3.  Report  of  The  Council. 

4.  Report  of  Tellers  of  Election  of  Members. 

5.  Unfinished  business. 

6.  New  business. 

7.  Report  of  Tellers  of  Election  of  Officers. 

8.  Presidential  Addre.ss — Louis  K.  Doelling,  New  York,  N.  Y. 
Complimentary  Luncheon,  Engineers'  Chib,  12.30  o'clock. 

Afternoon  Session,  1.30  o’clock:  . 

9.  The  Quincy  xMarket  .A.mmonia  Relief  Valve.  F.  L.  Fairbanks, 

Boston,  Mass. 

10.  The  Flow  of  Superheated  Ammonia  Gas  Through  Orifices.  Ed- 

ward P'.  Miller,  Boston,  Mass. 

11.  A New  Style  of  Steam  Safety  Valve.  G.  H.  Clarke,  Boston,  Mass. 
Evening  Session,  8 o’clock: 

12.  The  Testing  of  Thermal  Insulators.  11.  C.  Dickinson,  Bureau  of 

Standards,  Washington,  1).  C. 

13.  Preliminary  Measurements  of  the  Specific  Volume  of  Anhydrous 

.'\mmonia.  D.  R.  Harper,  Bureau  of  Standards,  Washington, 
D.  C. 

14.  Work  of  the  Bureau  of  Standards  on  Constants  of  Refrigeration. 

H.  C.  Dickinson,  Bureau  of  Standards,  Washington,  D.  C. 
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TUESDAY,  DECEMBER  7 
Morning  Session,  g.30  o’clock: 

15.  The  Refrigerating  Engineer.  John  E.  Starr,  New  York,  N.  Y. 

16.  Present  Status  of  Brewery  Refrigeration.  Peter  Neff,  Canton. 

Ohio. 

17.  Boiler  Room  Economies.  1'.  E.  Matthews,  Lconia,  X.  J. 
Subscription  Luncheon,  $1.50,  Engineers’  Club,  12.30  o'clock. 

Afternoon  Session,  1.30  o’clock: 

18.  Effect  of  Velocity  and  Humidity  of  Air  on  Heat  Transmission 

'I  hrough  Building  Materials.  J.  A.  Moyer,  State  College,  Pa. 

19.  Equations  for  .'\mmonia  Based  on  New  Exi>erimental  Material, 

Frederick  G.  Keyes,  Hoboken,  N.  J. 

20.  Steam  Economy  of  an  .Xbsorption  Refrigerating  Machine.  Clarence 

\V.  V'ogt,  Louisville,  Ky. 


WEDNESDAY,  DECEMBER  8 
Morning  Session,  9.30  o’clock: 

21.  Temperature  of  Fruits  and  Veget.ables  in  Transit  in  Refrigerator 

Cars.  S.  J.  Dennis  and  W.  E.  Mosher,  Lhiited  States  Depart- 
ment of  Agriculture,  Washington,  D.  C. 

22.  A Theory  on  Cooling  Towers  Compared  with  Results  in  Practice. 

B.  11.  Coffey  and  George  A.  Horne,  New  York,  N.  Y. 

23.  Recent  Developments  in  the  Study  of  Corro.sion  in  Concrete  Build- 

ings and  Pipe  Lines.  Morgan  B.  Smith.  Detroit.  Mich. 


THE  ANNUAL  DINNER 

.\  subscription  dinner  will  be  held  at  the  Hotel  Martinique,  Broadway 
and  Thirty-third  Street,  New  York.  N.  Y.,  on  'l  uesday  evening,  December  7. 
1915,  at  7 o’clock.  Subscription,  $2.50  a cover. 

After  the  dinner  the  following  illustrated  lectures  will  be  presented: 
Safety  Pays.  Dr.  William  H.  Tolman,  Director,  The  American  Museum 
of  Safety. 

'I  he  Cork  Industry.  H.  W.  Prentis,  Jr.,  Pittsburgh,  Pa. 


HOTEL  HEADQUARTERS 

Hotel  headquarters  will  be  at  the  Hotel  Martinque,  Broadway  and  Thirty- 
third  Street,  New  York,  N.  Y.  Engage  accommodations  direct,  in  advance  of 
meeting. 


PROCEEDINGS  OF  THE  JOINT  MEETING  OF  THE  AMERICAN  SO- 
CIETY OF  REFRIGERATING  ENGINEERS  AND  THE  AMERI- 
CAN ASSOCIATION  OF  REFRIGERATION.  SAN  FRAN- 
CISCO. CAL..  SEPTEMBER  23  AND  24.  1915 


The  joint  meeting  of  The  .American  Society  of  Refrigerating  Engineers 
and  the  American  .Association  of  Refrigeration  was  held  in  the  Exposition 
.Memorial  .Auditorium.  San  h'ranci.sco,  Cal.,  on  I'hursday  and  Friday.  Septem- 
ber 23  and  24,  1915.  This  was  the  Fourth  Western  Meeting  of  The  .American 
Society  of  Refrigerating  Engineers  and  a special  meeting  of  the  .American 
.Association  of  Refrigeration. 

Two  sessions  were  held,  Thursday  morning  and  Friday  morning,  both 
being  presided  over  by  President  Louis  K.  Doelling,  New  York,  N.  Y.  On 
Thurs<lay  afternoon  the  members  and  guests  of  both  organizations  attended 
the  session  of  the  section  on  refrigeration  of  the  International  Engineering 
Congress,  which  was  presided  over  by  Vice-President  Theodore  O.  Vilter, 
Milwaukee,  Wis. 

Friday,  September  24.  was  Refrigeration  Day  at  the  Panama-Pacitic 
International  Exposition,  and  the  members  and  gue.sts  visited  the  Exposition 
during  the  aftenuMm,  and  in  the  evening  enjoyed  a splendid  dinner  at  the 
Old  Faithful  Inn.  within  the  Exposition  grounds. 


First  Session,  Joint  Meeting,  Thursday  Morning,  September  23 

The  lirst  session  of  the  meeting  was  called  to  order  at  about  10  o’clock 
•A.  .M.,  and  as  more  than  a quorum  for  the  transaction  of  business  was  present, 
President  Doelling  announced  that  the  meeting  was  open  for  business. 

.A  motion  prevailed  dispensing  with  the  calling  of  the  roll,  as  all  present 
had  registered. 

The  reading  of  the  minutes  of  the  Tenth  .Annual  Meeting  was  also  dis- 
pensed with,  on  motion  made,  seconded  and  carried,  as  the  minutes  had  been 
published  in  the  January  number  of  the  .A.  S.  R.  E.  Joi’r.n'.m,. 

The  report  of  the  'fellers  of  Election  of  Members  was  ne.xt  in  order. 
It  was  as  follows: 


Report  of  Tf.i.lkr.s  of  Ei.kction  of  Members 

New  A'ork,  X.  Y.,  September  ii,  1915. 

Mr.  Louis  K.  Doelling,  President, 

I'he  .American  Society  of  Refrigerating  Engineers, 

154  Nassau  Street,  New  York,  X.  Y. 

Df..\r  Sir  : 

Your  Tellers  of  Election  of  Members  met  this  morning  and  canvassed  the 
ballots  for  new  members  closing  September  10,  1915,  and  beg  to  report  that 
the  following  applicants  for  membership  have  been  elected  to  membership  in 
the  grades  indicated : 


MEMBERS 


J.  L.  Baker,  Omaha.  Xeb, 

Charles  W.  Berry,  Boston,  Mass. 
Ralph  W.  Rowers,  Waynesboro,  Pa. 
Frederick  T.  Brandt.  York.  Pa. 
Charles  I.  Day,  Jacksonville,  Fla. 
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MEMBERS — (Continued) 

H.  C.  Dickinson,  Washington,  D.  C. 

William  Karl  Mosher,  Washington.  D.  C. 

Eric  H.  Peterson,  Detroit,  Mich. 

George  B.  Stacy,  San  Francisco,  Cal. 

Edgar  Steiner,  St.  Louis,  Mo. 

F.  /\.  Wilcox,  Dart  ford,  Kent.  England. 

ASSOCIATE  ME.MBERS 
C.  Thomas  Baker,  Jacksonville,  Fla, 

E.  F.  Canfield,  Winona,  Minn. 

Z.  U.  Dodge,  \’ew  York,  N.  Y. 

S.  T.  Mc.Adam,  Pensacola,  Fla. 

James  Malcolm  May,  Wellington,  X.  Z. 

George  W.  Mitchell,  St.  Louis,  Mo. 

Douglass  F.  O'Brien,  Jr.,  Chicago,  111. 

JUNIOR  MEMBERS 

Harry  C.  Bruce,  St.  Loui.s,  Mo. 

Karl  R.  Dieterle,  Los  j\ngeles.  Cal. 

Frank  B.  Higgins,  Canton.  Ohio. 

Stewart  E.  Lauer,  York,  Pa. 

Stiles  O.  Lokey,  .Atlanta,  Ga. 

1'.  D.  Petersen,  Philadelphia,  Pa. 

Henry  R.  Roseliro,  Jacksonville,  Fla. 

Guy  V.  Thompson,  Portsmouth,  Ohio. 

Carl  J.  Weaver,  Canton,  Ohio. 

Respectfully  submitted, 

(Signed)  William  D.  Monks,  Chairman. 
Peter  Binzel,  Jr. 

Jean  Neubecker. 

President  Doelling  then  declared  the  successful  applicants  for  mem- 
bership duly  elected  to  their  respective  grades. 

The  next  order  of  business  was  an  address  by  Frank  .A.  Horne,  President 
of  the  .American  .Association  of  Refrigeration,  but  as  he  was  unable  to  be 
pre.sent  the  address  was  read  by  E.  O.  McConnick,  San  Francisco,  Cal.,  a 
Vice-President  of  the  .American  .Association  of  Refrigeration.  Before  reading 
the  paper  Mr.  McCormick  welcomed  the  members  and  guests  to  San  Francisco, 
and  spoke  of  the  many  attractions  in  and  around  San  Francisco  and  the  State 
of  California,  also  the  Panama-Pacific  International  Exposition.  Mr.  Horne's 
paper  was  as  follows : 


ADDRESS  OF  FRANK  A.  HORNE.  PRESIDENT  OF  AMERICAN  AS.SOCl.ATION  OF 

REFRICER.VTION 

The  .American  .As.sociation  of  Refrigeration  greatly  appreciates  the  oppor- 
tunity of  participation  in  a Joint  Meeting  with  The  .American  Society  of 
Refrigeration  Engineer.s,  and  in  helping  to  emphasize  the  imi>ortance  of 
refrigeration  in  its  scientific  and  industrial  aspects  in  connection  with  the 
Panama-Pacific  International  Exposition. 

It  is  reasonable  to  expect  as  a result  of  this  convention,  the  meeting  of 
the  International  Engineering  Congress,  especially  the  session  devoted  to 
refrigeration,  and  the  celebration  of  Refrigeration  Day  at  the  Exposition, 
that  the  interests  we  represent  shall  be  decidedly  profited  and  the  general 
knowledge  of  the  subject  augmented. 

It  is  fitting  that  the  .American  .Association  of  Refrigeration,  including,  as 
it  does,  the  wider  field  in  its  work,  should  pay  tribute  to  the  strictly  engi- 
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neering  and  scientific  side  of  refrigeration.  Those  who  use  refrigeration, 
and  who  have  developed  the  industries  which  employ  the  process  of  artificial 
cooling,  owe  a great  debt  to  the  men  who  have  worked  out  the  basic  principles 
and  engineering  details  in  the  production  of  low  temperatures  upon  which  the 
superstructure  of  many  enterprises  and  large  industries  rest. 

On  the  other  hand,  the  engineering  profession  requires  the  outlets  which 
the  demands  of  their  aistomers  call  for  in  increasing  volume.  Those  of  you 
who  attended  the  last  meeting  of  the  American  .Association  of  Refrigeration 
in  New  York,  X.  Y.,  la.st  May,  or  have  read  the  rep«3rt  of  that  convention, 
know  somewhat  of  the  things  accomplished,  the  present  activities  and  the 
future  plans  of  the  Association.  The  reports  from  the  various  committees  and 
commissions  indicated  the  progress  of  the  organization,  but  also  forecasted 
the  future  operations  of  our  various  departments  of  work.  Some  of  the 
plans  then  proposed  have  been  since  put  into  effect,  as,  for  example,  the 
employment  of  a business  manager.  In  addition  to  the  investigations  and 
work  of  the  six  regular  commissions  being  similar  to  like  commissions  in 
other  countries  of  the  International  .Association,  we  have  the  following  under- 
takings in  prospect: 

The  Board  of  Engineers  on  Educational'  Work  is  now  engaged  in  con- 
sidering ways  and  means  to  carry  out  a project  that  is  of  the  utmost  im- 
portance to  every  one  having  investments  in  refrigeration  and  ice-making 
machinery;  that  is.  the  inauguration  of  complete  courses  in  refrigeration  in 
the  many  schools  of  technology  not  now  giving  them ; to  furnish  capable  men 
to  address  classes  of  such  institutions  on  refrigerating  subjects  from  time  to 
time,  and  to  address  gatherings  of  operating  engineers  throughout  the  country. 

The  Committee  on  Papers  and  Lecures,  in  addition  to  suggesting  topics 
for  discussion  or  investigation  and  securing  the  preparation  of  papers  to  be 
read  at  the  meetings  of  the  .As.sociation,  or  to  be  used  by  those  engaged  in  the 
proposed  educational  propaganda  among  universities,  schools  and  operating 
engineers,  have  recommended  the  creating  of  a library  in  the  office  of  the 
Secretary,  to  comprise  all  publications,  articles  and  monographs  that  have  been 
published  in  the  English  language,  also  all  important  foreign  publications. 
This  work  has  been  commenced,  and  when  a complete  collection  has  been 
obtained,  it  is  the  intention,  if  sufficient  funds  are  available,  to  have  a com- 
plete bibliography  made,  published  and  distributed  to  all  members. 

The  Commitee  on  State  and  X'ational  Investigations  has  contributed  much 
valuable  information  on  the  effects  of  cold  air  on  various  foods.  This  field 
also  appears  to  be  a profitable  one  for  development,  and  the  AssiKiation  will 
be  kept  advised  of  all  such  work  done  and  will  furnish  information  and  data 
to  members. 

The  Committee  on  Trade  Extension  has  already  obtained  considerable 
data  on  exports  of  perishable  foods,  refrigerating  machinery  and  supplies. 
Considerable  interest  has  been  aroused  among  many  of  our  members,  as  the 
field  appears  to  be  a prolific  one  and  susceptible  of  large  development. 

.A  feature  that  will  undoubtedly  appeal  to  every  one  is  the  .American 
.Association  of  Refrigeration  Bulletin  Service,  designed  to  keep  members 
informed  of  the  work  of  the  Federal  Trade  Commission  in  all  matters 
pertinent  to  their  interests  in  all  branches  of  the  ice  and  refrigerating  industry. 

-A  legislative  bureau  is  also  to  be  established  in  the  Secretary’s  office  by 
the  time  legislative  bodies  become  active,  and  reports  of  all  bills,  national  and 
State,  inimical  to  the  interests  of  the  ice  and  refrigerating  industry  will  be 
published  from  time  to  time  in  bulletin  form. 

It  is  the  purpose  of  the  .Association  to  continue  its  relation  with  the 
United  States  Bureau  of  Standards  through  its  Commission  on  Gases  and 
Units,  and  from  time  to  time  publish  and  distribute  the  results  of  investiga- 
tions under  various  commissions  in  bulletins  such  as  have  been  already  issued. 

.A  vigorous  campaign  for  new  members  has  been  begun  for  the  purpose 
of  increasing  our  members,  so  that  our  intluence  and  resources  shall  be  com- 
mensurate with  the  importance  and  size  of  the  refrigerating  industry. 

It  is  a source  of  great  regret  that  the  writer  cannot  attend  the  joint 
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mcetinj?.  ami  begs  to  convey  to  those  present  his  best  wishes  for  a successful 
convention  and  a pleasant  and  prolitable  visit  to  the  Exposition. 

Votes  of  thanks  were  extended  to  both  Mr.  Horne  and  Mr.  McCormick 
for  the  very  interesting  address. 

The  next  order  of  business  was  a paper  by  President  Duelling  on  “The 
Oil  Engine  for  Ice  Plant  Service." 

'I'he  topic  “Raw  Water  Ice  Making  Systems”  was  also  discussed  at  this 
session. 

The  session  then  adjourned. 

International  Engineering  Congress,  Section  on  Refrigeration,  Thursday 

Afternoon,  September  23 

The  session  of  the  section  on  refrigeration  of  the  International  Engineer- 
ing Congress  was  called  to  order  on  Thursday  afternoon,  September  23.  at 
2.30  P.  M.,  with  Vice-President  -Theodore  ().  Vilter  in  the  chair.  I'lie  papers 
read  before  this  section  were  as  follows: 

“Refrigeration  in  France."  L.  Marchis,  Paris,  I'rance. 

“Refrigeration  in  Sweden."  Thor  .Andersson,  Stockholm,  Sweden. 

“The  Development  of  Refrigeration  in  the  United  States."  J.  I'.  Nicker- 
son, Chicago.  111. 

The  papers  by  Messrs.  .Marchis  and  .Andersson  were  read  by  Josei)h  N. 
LeConte.  Berkeley.  Cal. 

The  session  then  adjourned. 

Second  Session,  Joint  Meeting,  Friday  Morning,  September  24 

'I'he  second  and  last  session  of  the  joint  meeting  was  called  to  order 
at  to  o’clock  on  Friday  morning,  and  the  following  two  papers  were 
presented : 

“The  San  Bernardino  Precooling  Plant.”  C.  .M.  Gay,  Los  .Angeles,  Cal. 

“Rate  of  Heat  Transfer  in  Double  Pij)e  Brine  Coolers."  Van  R.  H. 
Cireene  and  Fred  Opbiils,  New  York,  N.  Y. 

The  topic  “Power  Re(iuired  to  .\gitate  Brine  in  Can  Ice  Tanks"  was 
al.so  discussed  at  this  session. 

.\  motion  prevailed  extending  a vote  of  thanks  to  George  H.  Geisler. 
Oakland,  Cal.,  Chairman  of  the  .Special  Program  Committee  of  the  San 
I'rancisco  Meeting,  as  well  as  the  Committee,  for  the  delightful  entertain- 
ment provided. 

President  Doelling  announced  the  following  invitation  from  the  special 
agent  in  charge  of  the  exhibit  of  the  Bureau  of  Standards  at  the  Panama- 
Pacific  International  Exposition: 

DEPARTMENT  OF  COMMERCE 
Bl’re.m:  of  St.\.n'I).\ri).s,  W.\.shingto.\ 

The  members  of  the  AMERICAN  SOCIETY  OF  REFRIGERATING 
ENGINEERS  arc  cordiallv  invited  to  visit  the  exhibit  of  engineering  and 
physical  work  by  the  UNI'TED  STATES  BUREAU  OF  STANDARDS  in 
the  northwest  section  of  the  Palace  of  Li!)eral  .Arts,  Panama-Pacific  Inter- 
national Exposition.  Engineers  and  physicists  are  requested  to  make  them- 
selves known  to  the  attendants  and  learn  how  to  avail  themselves  of  the 
facilities  of  the  Bureau. 

Artjiur  W.  Gr.\y,  Special  Anetit  in  Charge  of  Exhibit. 
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Before  closing  the  meeting  President  DoelHng  warmly  thanked  the 
members  and  guests  for  their  attendance,  and  feelingly  extended  an  invitation 
to  those  present  to  attend  the  Eleventh  Annual  Meeting  of  the  Society  in 
New  York,  N.  Y.,  on  December  6,  7 and  8. 

The  meeting  then  adjourned. 

(Signed)  W.  H.  Ross,  Secretary. 

AMONG  THOSE  ATTENDING  FOURTH  WESTERN  MEETING  WERE; 


C.  M.  Gay,  Los  Angeles,  Cal. 

P.  J.  Coster,  Lincoln,  Neb. 

Theodore  Wetzel,  San  Francisco,  Cal. 
John  S.  Prell,  San  I'rancisco,  Cal. 

F.  M.  Bennett,  Berkeley,  Cal. 

S.  J.  Scott,  Visalia,  Cal. 

J.  F.  Nickerson,  Chicago,  111. 

W.  n.  Ross,  New  York,  N.  Y. 

H.  C.  Ruggles,  Phoenix,  Ariz. 
Theodore  O.  Vilter,  Milwaukee,  Wis. 
Louis  Duelling,  New  York,  N.  Y. 
George  Geisler,  Oakland,  Cal. 

\V.  P.  W'hittley,  Seattle,  Wash, 
Henry  Torrance,  New  York,  N.  Y. 

E.  O.  McCormick,  San  Francisco.  Cal. 
J.  Henry  Beekman,  Seattle.  Wash. 
W’ill  P.  Steven.s,  Los  .■\ngeles.  Cal. 

H.  D.  Bowles,  San  Diego,  Cal, 

W’.  H.  Dohrmann.  Brooklyn,  N.  Y, 

J.  V,  Jamison,  Jr.,  Hagerstown,  Md. 


V'^an  R.  H.  Greene,  New  York,  N.  Y. 
H.  C.  Wood,  Cincinnati,  Ohio. 

F.  F.  Judd.  Boston,  Mass. 

John  N.  Gruhl,  Fresno,  Cal. 

W.  S.  Heger,  Jr..  San  Francisco,  Cal. 
M.  H.  Robbins,  San  Francisco,  Cal. 
Norman  'Fyler,  San  Francisco,  Cal. 
Frank  J.  Toforo,  San  Francisco,  Cal. 
F.  W.  Langley,  Venice,  Cal. 

Fred  L.  Williams,  San  Francisco.  Cal. 
Ramsdell  S.  Lasher,  Evanston,  111. 

H.  C.  Parker,  San  Bernardino,  Cal. 
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COUNCIL  NOTES 


I'he  Council  held  a meeting  in  the  ofTtcc  of  the  Society,  154  Nassau 
Street,  New  York,  N.  Y.,  on  Wednesday  afternoon,  November  3,  1915. 

The  following  officers  and  directors  were  in  attendance,  with  President 
Doelling  presiding: 

Messrs.  Doelling,  Strickler,  Matthews.  Greene,  Horne,  Behn,  Torrance 
and  Ross. 

The  minutes  of  the  meeting  of  the  Council  of  .\ugust  12,  1915,  were  read 
and  approved. 

The  Membership  Committee  presented  applications  for  membership  from 
the  following,  and  they  were  approved  in  the  grades  indicated : 

.MKM I5KK 

William  I.  Bodine,  Springfield,  Mo. 

.\.SSOC!.\TK  ME.MHKKS 

.-Man  K.  Gillespie,  St.  Louis,  Mo. 

Harry  Hammond,  .Mexandria.  Va. 

Carl  Ncssler,  Texas  City,  Tex. 

JUNIOR  ME.MBKR 

Walter  J«mes,  New  Brunswick.  N.  J. 

CH.\Nr,E  OF  GR.\I)E  OF  MEMP-ER.SHIP  FRO.M  JUNIOR  MEMBER  TO  MEMBER 

Carl  E.  Hoffman,  Houston,  Tex. 

riie  e.xpenses  of  W.  H.  Ross,  Secretary,  m attending  the  Fourth  Western 
Meeting.  San  Francisco,  Cal.,  amounting  to  $234.80,  were  approved  and 
ordered  paid. 

'I'he  Nominating  Committee,  through  its  chairman,  Henry  'I'orrance,  re- 
ported the  following  nominations  for  the  offices  falling  vacant  at  the  close  of 
the  Eleventh  .Annual  Meeting: 

President — Theodore  O.  Vilter,  Milwaukee,  Wis. 

Vice-President  (two  years) — N.  H.  Hiller,  Carbondale.  Pa. 

Treasurer — George  .A.  Horne,  New  York,  N.  Y. 

Directors  (three  years)  — 

G.  F.  Bein,  Fort  Worth,  Tex. 

11.  N.  Borgstedt,  Yonkers,  N.  Y. 

R.  S.  Broas.  New  York.  .\*.  Y. 

H.  S.  Nulsen.  New  York.  N.  Y. 

• G.  E.  Wells,  St.  Louis,  Mo. 

Director  (one  year)  to  fill  unexpired  term  of  .A.  P.  Criswell,  deceased — 

S.  B.  Carpenter,  New  Brunswick,  N.  J. 

'I'he  resignation  of  'I'orato  Takahashi,  'fokyo,  Japan,  was  accepted  with 
regret. 

The  Program  Committee  reported  progress  in  the  preparation  of  program 
for  Eleventh  Annual  Meeting.  It  also  submitted  list  of  papers  to  be  presented. 
They  are  as  follows : 

Quincy  Market  .Ammonia  Relief  Valve.  F.  L.  Fairbanks,  Boston.  Mass. 

The  blow  of  Superheated  .Ammonia  Gas  Through  Orifices.  Edward  F. 
Miller,  Boston,  Mass. 
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A Xew  Style  of  Steam  Safety  Valve.  G.  H,  Clark,  Boston,  Mass. 

The  Testing?  of  Thermal  Insulators.  H.  C.  Dickinson,  Bureau  of  Stand- 
ards. Washington,  D.  C. 

Preliminary  Measurements  of  the  Specific  Volume  of  .A^nhydrous  Am- 
monia. D.  R.  Harper,  Bureau  of  Standards,  Washington,  D.  C. 

Work  of  the  Bureau  of  Standards  on  Constants  of  Refrigeration.  II.  C. 
Dickinson,  Bureau  of  Standards,  Washington,  D.  C. 

The  Refrigerating  Engineer.  John  E.  Starr,  New  York,  N.  Y. 

Present  Status  of  Brewery  Refrigeration.  Peter  Neff,  Canton,  Ohio. 
Boiler  Room  Economies.  F.  E.  Matthews,  Leonia,  N.  J. 

\ Theory  on  Cooling  Towers  Compared  with  Results  in  Practice.  B.  H. 
Coffey  and  George  .\.  Horne,  New  York,  .\.  Y. 

Equations  for  Ammonia  Based  on  New  Experimental  Material.  Fred- 
erick G.  Keyes,  Hoboken,  N.  J. 

Steam  Economy  of  an  .Absorption  Refrigerating  Machine.  Clarence  W. 
Vogt.  Louisville,  Ky. 

Temiieratures  of  Fruits  and  Vegetables  in  Tran.sit  in  Refrigerator  Car.s. 
S.  J.  Dennis  and  W.  E.  Mosher.  United  States  Department  of  .Agriculture, 
Washington,  D.  C. 

Effect  of  Velocity  and  Humidity  of  .Air  on  Heat  Transmission  Through 
Building  Materials.  J.  A.  Moyer,  State  College.  Pennsylvania. 

Recent  Developments  in  the  Study  of  Corrosion  in  Concrete  Buildings 
and  Pipe  Lines.  Morgan  B.  Smith,  Detroit,  Mich. 

Safety  Pays.  Dr.  William  H.  Tolman,  Director,  The  .American  Museum 
of  Safety. 

The  Cork  Indu.stry.  H.  W.  Prentis,  Jr.,  Pittsburgh,  Pa. 

The  Secretary  was  authorized  to  extend  to  publishers,  subscription  agents 
and  book  dealers  a discount  of  lo  per  cent  on  subscriptions  to  the  .A.  S.  R.  E. 
JOURX.M.. 

'I'he  meeting  then  adjourned. 

W.  II.  Ros.s,  Secretary. 


NOTICE 

The  Society  suliscribes  for  the  .Monthly  Catalogue  of  United  States 
Public  Documents,  which  is  the  only  publication  giving  a complete  list  of  all 
the  Government's  publications  as  they  apjiear.  Since  The  Journal  can  find 
space  to  review  only  a few  of  those  of  the  many  valuable  monographs  and 
pulilications  issued  by  the  various  departments  that  will  be  found  of  most 
general  interest  to  its  readers,  it  is  to  be  hoped  that  members  seeking  informa- 
tion along  certain  lines  will  make  use  of  this  catalogue,  files  of  which  will  be 
found  in  the  Society’s  otTice.  On  rcque.st.  the  Secretary  will  undertake  to 
advise  a member  what  publications  have  apjieared  on  a given  subject  during 
the  current  year,  and  at  what  price  they  can  be  obtained  from  the  Superin- 
tendent of  Documents.  W'ashington.  I).  C. 


WANTED 

.Anyone  knowing  the  present  address  of  any  of  the  following  members 
is  requested  to  communicate  with  the  Secretary: 

E.  L.  Fi.ory  Oscar  Dreykr  D.  L.  Hoi.dkn 

S.  R.  Phei.ps  Charles  J.  Hackett 
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A STANDARD  BASIS  FOR  FINDING  THE  FUEL  ECONOMY  OF 
STEAM-DRIVEN  ICE  MANUFACTURING  PLANTS 


The  accompanying  report  of  the  Committee  on  Suggesting  a Standard 
Basis  for  Finding  the  Fuel  Economy  of  Steam-Driven  Ice  Manufacturing 
Plants  was  made  at  our  Tenth  Annual  Meeting.  The  acceptance  of  this 
report  was  laid  over  until  the  Fdeventh  .-Vniiual  Meeting  this  fall,  in  order  that 
members  and  others  may  have  an  opportunity  to  offer  suggestions  as  to  en- 
largements or  limitations.  In  the  interim  all  memhers  are  requested  to 
forward  their  suggestions  to  N.  H.  Hiller,  Carhondale  Machine  Company, 
Carhondale,  Pa.,  the  chairman  of  this  committee. 

The  report  of  this  committee  is  of  interest  to  practically  every  member 
of  the  Society,  and  it  is  hoped  that  they  will  avail  themselves  of  the  oppor- 
tunity to  cooperate  with  the  committee  in  making  these  proposed  rules  as 
complete  and  workable  as  possible. 


RkPORT  OF  Co.MMITTKK  ox  SUGGKSTIXG  St.\NI).\KI)  B.VSIS  FOR  FINDING  THK  Fl  EL 

Economy  of  Ste.\m-Driven  Ice  M.xnuf.vctcking  Pk.ants 

Three  members  of  this  committee  met,  together  with  Peter  Neff,  who  was 
President  of  the  Society  at  that  time,  and  after  carefully  considering  the 
subject  begs  to  submit  the  following  report: 

'File  phrase  “fuel  econom}'”  is  considered  a misnomer,  and  the  true 
efficiency  of  an  ice-making  plant  should  be  gauged  by  the  steam  consumption 
of  that  plant,  as  evidenced  by  the  weight  of  feed  water  u.<5ed,  and  any  guar- 
antee made  as  to  the  efficiency  of  the  plant  should  be  based  in  terms  of  boiler 
evaporation.  For  example,  if  the  boiler  is  evaporating  too  tons  of  .steam  per 
day,  and  the  plant  is  making  90  tons  of  ice  per  day,  then  the  efficiency  of  the 
plant  w'ould  be  exi)ressed  as  “Ninety  Per  Cent.*' 

It  was  then  suggested  that  in  order  to  determine  the  efficiency  of  a plant 
it  was  first  necessary  to  determine  its  capacity,  and.  therefore,  this  committee 
has  taken  the  liberty  of  formulating  a set  of  rules  for  determining  such 
capacity,  these  rules  to  be  di.scussed  and  amended  .so  as  to  form  a standard 
basis  for  conducting  tests  of  ice  plants.  The  following  are  respectfully 
submitted ; 

1.  Prdimiuary  Run — There  shall  be  a preliminary  run  of  at  lea.st  10 
days  prior  to  the  date  on  which  the  test  is  to  be  started,  for  the  purpose  of 
standardizing  the  work  of  the  plant  and  getting  it  into  satisfactory  and  normal 
condition  before  the  starting  of  the  test.  During  the  last  72  hours  of  this  pre- 
liminary run  the  ice  shall  be  pulled  regularly  and  at  a rate  not  less  than  the 
capacity  specified  in  contract. 

2.  Duration  of  Test — The  test  run  shall  follow  directly  after  the  pre- 
liminary run,  and  its  duration  shall  be  five  days,  or  120  consecutive  hours. 

3.  Condition  of  Plant — At  the  time  that  the  te.st  run  is  started  the  con- 
ditions of  the  plant  are  to  be  carefully  noted,  especially  the  temperature  of 
condensing  water,  temperature  of  brine  and  the  condition  of  the  ice  in  the 
tank.  At  the  termination  of  the  test,  conditions  should  approach  those  at  the 
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Start  as  closely  as  possible,  particularly  in  the  temperature  of  the  brine  and 
the  condition  of  the  ice  in  the  tank. 

4.  Readings — The  readings  are  to  be  taken  every  15  minutes,  and  are  to 
consist  of  at  least  the  following: 

a.  Temperature  of  atmosphere  taken  outside  of  the  building  in  the  shade. 

b.  Temperature  of  condensing  water  at  condenser  inlet  and  outlet  and 
outlet  from  machine. 

c.  Meter  feed  water. 

d.  Temiieraturc  of  brine  in  ice  tank  about  midway  between  top  and 
bottom. 

e.  Temperature  of  feed  water  entering  boiler. 

f.  Boiler  pressure. 

g.  High  and  low  jiressures  of  the  refrigerating  medium. 

In  addition  to  these  readings  any  other  temperatures,  pressures  and  data 
that  may  be  thought  desirable  by  the  parties  at  interest  may  be  taken,  but  it  is 
considered  essential  that  the  above  readings  be  taken. 

5.  Method  of  Pulling  Ice. — The  ice  is  to  be  drawn  at  regular  intervals 
throughout  the  24  hours.  For  example,  assuming  that  100  blocks  are  to  be 
the  re(|uired  quantity  to  be  drawn  in  24  hours,  then  this  would  necessitate 
pulling  the  ice  at  the  rate  of  one  block  every  14.4  minutes,  or  two  blocks  every 
28.8  minutes. 

6.  Over  Capacity — This  committee  recommends  that  the  contractor  be 
allowed  to  overdraw  capacity  each  day  as  much  as  he  deems  his  plant  callable 
of  handling,  providing  that  the  temperature  of  the  brine  is  not  increased  in 
the  tank  nor  so  long  as  the  ice  drawn  is  of  full  weight,  and  does  not  contain 
cups  exceeding  those  described  in  .Article  7.  The  determination  of  the  capacity 
shall  lie  based  on  the  average  of  the  ice  pulle<l  for  the  complete  time  of  test. 

7.  Weight  of  Hlocks  and  Limit  of  Cufs — The  can  lillcrs  to  be  adjusted 
so  that  the  blocks  pulled  during  the  test  shall  not  weigh  less  than  2 per  cent 
under  or  more  than  2 per  cent  over  that  specified  in  the  contract  as  the 
standard  weight  per  cake.  It  is  suggested  that  the  size  of  cups  be  limited  to 
an  opening  that  will  hold  not  to  e.xceed  one  quart  of  water.  For  the  purpose 
of  ascertaining  the  weight  of  the  ice  drawn,  it  is  suggested  that  every  tenth 
pull  be  weighed  during  the  test  period,  and  that  an  arithmetical  average  of 
same  be  taken  as  the  average  weight  of  the  ice  blocks  throughout  the  test. 

8.  liconomy — If  it  is  desired  to  ascertain  the  economy  of  the  plant,  such 
a determination  should  be  made  during  the  period  of  the  capacity  test.  This 
economy  to  be  based  on  the  pounds  of  ice  produced  per  pound  of  dry  steam 
delivered  by  the  boiler,  as  evidenced  by  the  feed  water  used. 

9.  Standard  Conditions  for  Economy — This  committee  recommends  that 
a boiler  pressure  of  too  pounds  per  square  inch  and  a feed  water  temperature 
of  208  degrees  1'.  be  taken  as  a standard  on  which  to  base  economy  guaranty. 
The  feed  water  used  shall  etther  be  weighed  or  measured  throughout  the 
whole  period  of  the  test. 

10.  Preparation  for  Test — If  the  water  temperature  varies  to  any  marked 
degree  from  that  specified  in  contract,  the  amount  of  the  allowance  for  such 
variation  shall  be  determined,  and  the  parties  at  intere.st  shall  agree  upon 
such  allowance  prior  to  the  starting  of  test. 

It  will  be  tbe  duty  of  the  purchaser  to  sec  that  the  apiiaratus  is  properly 
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cleaned  and  made  ready  for  test.  All  condensers,  either  steam  or  ammonia, 
and  other  cooling  coiLs,  shall  he  properly  cleaned  and  scaled.  The  boiler  is  to 
be  put  in  proper  condition  and  thoroughly  cleaned.  .-\ny  insulation  of  steam 
or  exhaust  or  other  exposed  pipes  to  be  completed  by  the  party  furnishing  the 
same  under  the  contract.  The  purchaser  will  also  furnish  the  scales  or  make 
such  other  arrangements  as  are  necessary  for  weighing  the  boiler  feed  water 
and  ice.  All  other  parts  necessary  for  making  test,  such  as  thermometers  or 
pressure  gauges  not  necessary  for  the  ordinary  operation  of  the  plant,  are 
to  be  loaned  by  the  contractor  and  disconnected  by  him  on  completion  of  test. 
Thermometers  and  gauges  used  throughout  this  test  to  be  calibrated  before 
and  at  the  completion  of  test. 

11.  Leaks — .\ny  leaks  in  the  steam,  exhaust,  blow-off  or  water  lines 
that  would  have  any.  effect  upon  the  economy  or  capacity  of  the  plant  are  to 
be  properly  repaired  by  the  party  furnishing  the  same  before  the  test  is 
started. 

12.  Arbitration — In  case  of  controversy  it  is  recommended  that  a com- 
mittee of  three  arbitrators  be  formed.  The  contractor  and  purchaser  to 
choose  one  arbitrator  each,  and  these  arbitrators  to  decide  between  them  upon 
an  umpire  or  third  arbitrator,  and  any  decision  arrived  at  by  this  board  of 
arbitrators  shall  be  final.  The  expense  of  this  board  to  be  shared  equally  by 
the  contractor  and  the  purchaser,  and  all  these  arbitrators,  in  order  to  qualify, 
.•jhall  be  members  of  this  Society. 


AMENDMENTS  PROPOSED  TO  THE  CONSTITUTION 
At  the  last  annual  meeting  the  President,  Henry  Torrance,  on  recom- 
mendation of  The  Council,  proposed  the  following  amendiTients  to  para- 
graphs C 1/  and  C 20  of  the  Constitution,  subject  to  discussion  and  such 
modification  as  may  be  accepted  by  the  proposer : 

(fVords  in  italics  indicate  new  matter;  words  in  parentheses  to  be  omitted.) 

INITIATION  FEES  AND  DUES 

Cl/.  The  initiation  fee  for  membership  shall  be  as  follows: 

For  Members  and  Associates,  $5. 

For  Juniors.  $5.  A Junior  on  promotion  to  any  other  grade  of 
membership  shall  pay  an  additional  fee  of  $5. 

The  annual  (jues  for  membership  shall  be  as  follows : 

For  Members  and  Associates  residing  in  the  United  States  and 
Canada,  $15;  elsewhere,  $10. 

For  Juniors  residing  in  the  United  States  and  Canada.  $10;  else- 
where, $5  (for  the  first  six  years  of  their  membership,  and  thereafter 
the  same  as  for  a Member  or  Associate). 

THE  COUNCIL 

C 20,  The  affairs  of  the  Society  shall  be  managed  by  a Board  of 
Directors  chosen  from  among  its  Members  and  Associates,  which  shall 
be  styled  “The  Council.”  The  Council  shall  consist  of  the  President 
of  the  Society,  who  shall  be  the  presiding  officer,  the  two  Vice-Presi- 
dents. Treasurer,  (and)  fifteen  Members  and  Associates,  and  the  last 
five  living  E.r-Presidents,  ex-officio.  Seven  members  of  The  Council 
shall  constitute  a quorum  for  the  transaction  of  business.  The  Secre- 
tary may  take  part  in  the  deliberations  of  The  Council,  but  shall  not 
have  a vote  therein. 

These  proposed  amendments  will  come  before  the  Eleventh  Annual 
Meeting  for  final  discussion  and  action. 
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THE  REFRIGERATING  ENGINEER* 

By  John  E.  Starr,  New  York,  N.  Y. 

I did  not  intend  this  to  be  a formal  paper  on  the  subject,  but 
rather  a friendly  talk  with  you  of  the  duties  of  the  refrigerating 
engineer  to  himself,  to  his  clients,  or  employers,  to  his  contractors, 
if  he  is  acting  as  a consulting  engineer,  and  especially  his  attitude 
towards  this  Society.  I am  free  to  confess  that,  as  to  the  last  item, 
I have  entirely  rewritten  my  remarks. 

As  one  of  the  grandpa’s  of  this  Society  I was  inclined  to  take  a 
grandpa’s  prerogative  and  scold  you  about  certain  matters  that  I 
will  allude  to  later  on.  But  since  I received  the  programme  of  the 
papers  that  have  been  and  are  to  be  presented  to  you  at  this  meeting 
I have  lost  my  grouch. 

I intended  to  say  that  I feared  this  organization  was  drifting 
dangerously  away  from  the  ideals  that  were  set  up  when  it  was  or- 
ganized, and  that  we  were  perhaps  forgetting  that  our  constitution 
states  : “The  object  of  this  Society  is  to  promote  the  arts  and  sciences 
connected  with  refrigerating  engineering.” 

. The  reason  I intended  to  say  this  is  that  for  several  meetings 
past  there  seemed  to  be  more  of  a desire  to  exploit  personal  or  special 
methods  of  doing  things  or,  to  be  plain,  to  advertise,  than  to  promote 
the  arts  and  sciences  connected  with  refrigerating  engineering. 

I have  feared  this  tendency,  for  if  it  continued  it  would  en- 
tirely lose  for  this  Society  its  position  as  an  authoritative  body. 

The  discussion  in  our  meetings  of  any  subject  from  a standpoint 
based  purely  on  the  business  interests  of  the  parties  taking  part  in 
the  discussion,  or  the  reading  of  papers  designed  to  exploit  a par- 
ticular apparatus  or  material  for  business  reasons  only,  belittles  us 
as  an  authoritative  body  in  the  eyes  of  the  public. 

I intended  to  say  that  T had  heard  the  criticism  of  outsiders  that 
some  of  our  meetings  resembled  more  the  meeting  of  an  association 
of  manufacturers  than  of  engineers  seeking  the  truth.  I also  in- 
tended to  say  that  the  loss  of  prestige  as  an  authoritative  body  meant 
the  loss  of  one  of  our  main  objects  as  an  association,  and  lienee  a 
loss  to  every  member  of  it. 

As  a former  secretary  of  the  American  Society  of  Mechanical 

* Read  at  Eleventh  .Annual  Meeting,  New  York,  N.  Y.,  December  fl,  7 and  S,  1915. 
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Engineers  remarked:  "The  Association  has  a weight  in  any  utter- 

ance which  is  many  times  greater  than  the  individual.  The  public 
recognizes  that  such  utterance  was  made  in  an  arena  where,  if  it 
could  have  been  intelligently  questioned  and  differed  from,  it  would 
have  undergone  that  ordeal  then  and  there.”  Had  Mr.  Hutton 
added  the  words  "honestly  and  without  prejudice,”  which,  of  course, 
he  implied,  the  statement  would  have  been  stronger. 

I had  intended  to  (piote,  even  at  the  risk  of  laying  myself  open 
to  the  charge  of  egotism,  from  the  address  that  I had  the  honor  to 
make  as  your  first  i’resident  in  1905.  This  (juotation  was  as  fol- 
lows : 

"In  taking  up  our  work,  a certain  .sense  of  ])erspective  is  neces- 
sary. Most  of  us  are  business  men,  as  well  as  engineers.  We  have 
our  busine.ss  interest  and  clashes  of  interests,  our  rivalries  and  jeal- 
ousies, like  other  business  men. 

"In  the  consideration  of  principles,  particular  matters  may  be 
di.scussed  by  us  that  will  touch  one  or  the  other  closely.  Our  forum, 
however,  must  be  a forum  for  all  the  membership  and  its  discussions 
for  the  good  of  all.  The  truth  is  our  aim,  and  the  .seeking  of  it  our 
work.  \Vithin  our  doors  a perpetual  truce  should  prevail,  and  the 
sword  and  buckler  of  every-day  .strife  is  to  be  laid  aside  at  our 
threshold.” 

This  position  I intended  to  reaffirm,  and  I intended  to  say  some 
other  things;  in  fact,  I imagine  I would  have  gotten  myself  dis- 
liked, but  the  Programme  Committee  for  this  meeting  has  arranged 
for  a series  of  papers  to  be  read  here  of  a character  worthy  of  our 
Society  and  of  such  importance  to  the  “arts  and  .sciences  connected 
with  refrigerating  engineering”  that  I will  .gladly  drop  the  first 
person  singular,  which  has  been  so  prominent  in  the  preceding  sen- 
tences, and  was  used  only  because  it  was  intended  to  a.ssume  full  per- 
sonal responsibility. 

It  is  hoped  that  nothing  said  will  deter  any  member  who  really 
has  some  new  and  real  contribution  to  the  science  of  refrigeration 
from  bringing  it  before  the  Society,  even  if  it  he  a personal  exploit. 

It  is  contended,  however,  that  anything  brought  before  this 
meeting  must  be  of  a nature  that  will  be  of  real  benefit  to  the  ad- 
vancement of  our  objects,  and  that  the  time  of  our  meetings  .should 
not  be  taken  up  with  wrangling  over  the  merits  of  rival  methods  of 
manufacture,  nor,  on  the  other  hand,^ .should  the  subject  be  treated  in 
a manner  so  abstruse  to  the  greater  part  of  the  membership  as  to  not 
allow  of  di.scussion  then  and  there. 

considerable  part  of  the  advantage  of  our  meetings  is  in  get- 
ting together  and  discussing  particular  points  of  individual  interest 
out.side  of  this  room.  In  thi.s  room,  however,  it  seems  that  our  work 
should  be  solid  and  thorough  on  points  of  general  interest  to  the 
arts  and  science  of  refrigeration,  and  our  conclusions  should  be  made 
to  carry  a weight  backed  by  the  Society  as  a whole. 

Turning  to  the  question  of  duties  to  your  client  or  employer. 
The  consulting  engineer’s  duties  are  first  and  always  to  his  client,  but 
to  be  exercised  in  a spirit  of  fairness  to  the  contractor. 
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If  he  is  fit,  as  a consulting  engineer,  to  perform  his  duties  he 
should  know  how  to  draw  his  specifications  and  contracts  in  a way 
that  will  protect  his  client,  and  should  not  rely  solely  on  the  war- 
ranty of  the  contractor.  Of  what  ii.se  is  it  to  the  client  to  draw  up 
a set  of  specifications,  detailing  everything  that  the  contractor  shall 
do,  down  to  the  last  valve  or  nipple,  and  then  put  in  a rider  binding 
the  contractor  to  warrant  the  performance  of  the  apparatus?  He 
might  just  as  well  not  have  an  engineer. 

In  this  connection,  I recommend  a careful  study  of  a valuable 
paper  read  by  John  C.  Wait  before  this  Society  in  i }o6  and  printed 
in  Volume  II  of  our  Transactions,  entitled  “Contractors’  Warranty 
versus  Engineers’  Specifications.”  The  subject  is  treated  in  this 
paper  from  a legal  and  common-sense  standpoint,  and  is  well  worthy 
of  a careful  review  by  most  of  you,  whether  engineers,  owners  or 
manufacturers. 

Remember  that  the  object  of  your  client  is  to  make  money  out 
of  the  plant  you  design  for  him,  and  that  it  is  up  to  you  to  study 
broadly  all  of  the  elements  that  will  contribute  to  this  end.  You 
will  have  to  take  into  consideration,  not  alone  the  operation  of  his 
plant  at  peak  load,  but  make  the  best  ix).ssible  estimate  of  his  load- 
lines  for  the  year. 

.\pparatus  which  would  be  absolutely  the  best  to  install  in  one 
case  would  be  probably  the  worst  in  another  case.  Water  and 
climatic  and  labor  conditions,  combined  with  load-line  conditions, 
make  it  impossible  for  you  to  generalize.  Each  case  must  be  taken 
by  itself  and  must  be  considered  as  a business  proposition  in  the  light 
of  your  engineering  experience. 

Remember  that  while  you  have  duties  to  your  client  you  also 
have  duties  to  your  contractor.  You  will  have  to  give  the  con- 
tractor a square  deal.  It  oftentimes  happens  that  you  have  a client 
who,  either  through  ignorance  or  by  reason  of  shady  business  meth- 
ods, is  inclined  to  take  an  unfair  advantage  over  the  contractor,  and 
it  is  the  duty  of  any  self-respecting  engineer  to  see  that,  as  far  as 
possible,  justice  is  done  to  both  sides. 

Tt  is  also  the  duty  of  the  consulting  engineer  to  see  that  the 
contractor  does  not  make  warranties  which  the  engineer  knows  he 
cannot  carry  out.  There  are  irrespon.sible  contractors  who  will 
promise  to  do  most  anything  and  agree  to  warrant  it  under  seal.  A 
contract  to  do  the  impossible,  if  the  buyer  knows  it  is  impossible,  is  a 
void  contract,  and  you  are  not  benefiting  your  client,  but,  on  the 
contrary,  are  injuring  him  if  you  permit  any  warranty  in  the 
contract  which  you  know  is  absolutely  impossible  to  be  fulfilled. 

.\nother  thing  to  be  remembered  is  that  there  is  no  engineer,  no 
matter  what  may  be  his  experience,  who  knows  it  all,  and  it  is  no 
disgrace  to  .say  that  you  do  not  know,  when  it  is  a fact  that  you  do 
not  know,  and  herein,  sometimes,  you  are  justified  in  asking  a 
specific  warranty  from  a contractor. 

If  a contractor  should  come  to  you  and  say  he  has  an  apparatus 
that  will  do  a certain  thing  and  will  keep  on  doing  it,  and  you  do  not 
know  of  your  own  knowledge  or  experience  that  he  can  do  what  he 
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says,  and  you  have  not  the  time  to  ascertain,  you  are  perfectly  justi- 
fied in  asking  him  to  warrant  it,  but  remember  always  that  this  war- 
ranty must  be  under  seal  to  make  it  binding. 

You  are,  of  course,  justified  at  all  times  in  demanding  warran- 
ties as  to  workmanship  and  material,  and  there  is,  of  course,  no 
harm  in  putting  into  your  specification  and  contract  such  warranties 
as  the  contractor  is  perfectly  willing  to  give  in  any  event  which  you 
are  sure  that  can  be  performed. 

As  to  the  duties  of  a refrigerating  engineer  who  is  working  for 
a manufacturer,  whether  of  refrigerating  machinery  or  carrying  on 
refrigerating  operations,  there  is,  of  course,  but  one  rule,  and  that 
is;  That  as  long  as  he  is  being  paid  by  his  employer,  his  sole  aim 
should  be  to  further  in  every  honorable  way  the  interests  of  his  em- 
ployer. 

The  next  question,  which  often  arises  when  an  engineer  changes 
his  employment,  is  how  much  of  the  knowledge  which  he  has  gained 
in  his  previous  employment  he  is  permitted  to  divulge  to  his  new 
employer.  As  a broad  principle,  it  may  be  stated  that  legally,  and 
perhaps  morally,  any  information  or  experience  which  a man  gains 
in  his  work  belongs  to  him  to  do  with  as  he  pleases,  but  neither 
legally  nor  morally  is  he  entitled  to  take  with  him  the  actual  property 
of  his  former  employer;  that  is,  he  is  not  entitled  to  have  in  his 
physical  possession  drawings,  price  lists  or  other  papers  which  were 
made  up  during  his  previous  employment  and  at  the  expense  of  his 
previous  employer,  but,  it  must  be  admitted  as  a practical  and  even 
as  an  ethical  matter,  that  no  employer  can  expect  a departing  em- 
ployee to  hold  secret  from  anyone  else  any  knowledge  or  exjierience 
such  employee  may  have  gained  during  the  term  of  his  employment. 

This  is  the  view  of  the  law  of  the  land,  and  the  extent  and  nature 
of  the  detail  and  methods  of  the  previous  employer  that  may  be 
divulged  to  a new  employer  lies  largely  in  the  conscience  of  the 
employee. 


DISCUSSION 

President  Doelling — I believe  you  will  all  agree  with  me  that 
we  are  very  thankful  to  Mr.  Starr  for  his  paper.  He  has  spoken  in 
public  what  many  of  us  have  felt  and  spoken  of  privately.  It  is  very 
gratifying  to  hear  from  ]\Ir.  Starr  that  he  finds  the  conditions  he 
mentioned  in  the  first  part  of  his  paper  have  improved  very  ma- 
terially. For  this,  I think,  we  have  to  thank  our  Programme  Com- 
mittee, which  has  worked  very  hard  and  very  effectively  to  provide 
papers  that  are  such  as  should  be  presented  to  an  engineering  society. 

G.  T.  Voorhees — The  sentiments  Mr.  Starr  has  brought  forth, 
if  they  could  be  lived  up  to,  and  they  might  be,  would  be  of  the 
greatest  value  to  all  of  us.  I had  the  pleasure  last  night  to  hear  Dr. 
Stratton  tell  how  he  secured  so  much  good  from  the  Bureau  of 
Standards  by  insisting  on  the  cooperation  of  his  .‘^taff,  and  I took 
occasion  afterwards  to  tell  him  how  I wished  that  refrigerating  en- 
gineers might  find  it  possible  to  do  likewise,  through  one  means  or 
another,  with  the  idea  of  cooperating  and  working  together  for  the 
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same  end.  If  the  refrigerating  engineers  could  cooperate  they  would 
find  that,  as  they  reviewed  the  experiences  of  a dozen  different  men, 
one  man  was  eminently  more  qualified  to  handle  a certain  subject 
than  a certain  other  man,  and  likewise  with  other  subjects.  x\s  !Mr. 
Starr  correctly  says,  if  petty  jealousies  could  be  overcome  it  would 
be  of  the  greatest  value  to  each  other  and  the  Society. 

Peter  Neff — I do  not  know  whether  all  of  the  younger  members 
of  the  Society  have  the  early  Transactions  or  not,  but  it  will  pay 
them  to  look  up  the  first  address  delivered  by  Mr.  Starr  to  this  So- 
ciety and  read  it  through  word  for  word.  Mr.  Starr  has  had  the 
courage  to  quote  from  it,  but  these  quotations  by  no  means  contain 
all  the  good  information  included  in  his  first  address. 
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EQUATIONS  FOR  AMMONIA  BASED  ON  NEW  EXPERIMEN- 
TAL MATERIAL*  ^ 

Ry  Fkedekick  G.  Keyes,  Hoboken,  N,  J. 

At  the  tenth  annual  meeting  of  The  American  Society  of  Re- 
frigerating Engineers,  a year  ago,  certain  of  the  new  experimental 
data  obtained  at  the  Research  Laboratory  of  IMiysical  Chemistry 
of  the  Massachusetts  Institute  of  Technology  by  Robert  H.  Brown- 
lee, Henry  A.  Babcock  and  the  writer  were  presented,  d'he  investi- 
gation carried  out  consisted  in  determining  with  all  the  j)recision 
possible  the  vapor  pressure  of  the  liquid  to  the  critical  point,  the 
specific  volume  of  the  liciuid  to  pressures  of  i,ooo  atmospheres  and 
to  200°  C..  the  specific  volumes  of  the  vapor  in  the  sui)erheated 
region  and  the  specific  heat  capacity  of  the  liquid.  With  the  ex- 
ception of  the  specific  volumes  of  liquid  ammonia  under  pressure, 
the  data  are  all  of  interest  to  refrigerating  engineers,  since  they 
serve  as  a basis  for  the  computation  of  the  various  proj)erties  neces- 
sary in  solving  the  problems  which  arise  in  engineering  practice. 

During  the  time  which  has  elapsed  since  the  former  paper  was 
j)resented  all  the  protocols  of  the  experiments  have  been  re-exam- 
ined. One  readily  perceives  that  in  computing  the  results  of  experi- 
mental work  many  corrections  must  be  applied  before  the  final 
experimental  values  can  be  accepted.  Reference  in  this  connection 
may  be  made  to  the  correction  introduced  to  allow  for  the  tem- 
perature expansion  of  the  steel  ammonia  container  and  the  mercury 
used  to  confine  the  ammonia,  besides  which  the  dilation  of  the  ex- 
perimental system  itself,  due  to  pressure,  must  be  considered  when 
reducing  observations  of  the  specific  volumes  of  the  ammonia  at 
various  temperatures  and  pressures.  The  various  mercury  and  oil 
levels  existing  in  the  experimental  system,  of  course,  also  enter  into 
the  reduction  of  each  pressure  observation.  The  calibration  data  of 
the  thermometers,  in  itself  a small  investigation,  are  a factor  requir- 
ing consideration  before  assigning  a temperature  value  to  a pressure 
or  volume  measurement. 

This  independent  recomputation  of  the  experimental  values 
produced  changes  of  only  about  one-tenth  of  one  per  cent  in  some  of 
the  pressure  data.  Bart  of  the  correction  was  due  to  the  fact  that  the 
pitch  of  the  thread  used  on  the  compressor  screw  had  been  changed 
previous  to  some  of  the  final  pressure  measurements.  The  pitch 
of  the  old  screw  was  assumed  in  computing  one  of  the  mercury 
levels  within  the  apparatus  during  the  later  measurements,  and 
this  fact  had  in  the  fir.st  computations  been  overlooked.  It  was 
further  found  that  in  computing  the  volumes  along  one  of  the  vapor 
isotherms  at  about  120°  C.  (248°  h'.)  an  incorrect  value  of  the  ex- 
|)ansion  due  to  the  mercury  had  been  employed.  The  rectification 
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of  this  error  affected  the  values  of  tlie  first  computation  by  about 
one-tenth  of  one  per  cent  also.  The  assumption  is  not  warranted 
that  the  data  at  best  are  better  than  within  one-tenth  of  one  per  cent ; 
if  in  spite  of  the  pains  taken  they  are  indeed  always  as  good  as 
within  one-tenth  per  cent  of  the  true  values.  Experience  teaches, 
however,  that  it  is  better  to  study  and  apply  all  corrections  which 
in  any  way  influence  an  experimental  result. 

In  the  case  of  the  formula  used  to  represent  the  specific  heat 
of  the  liquid,  a change  of  form  was  made  which  has  been  suggested 
from  an  examination  of  the  variation  of  the  specific  heat  capacity 
along  the  liquid  saturation  curve  of  other  substances,  for  which 
data  exist.  I'he  values  of  the  specific  heat  capacities  are,  in  con- 
sequence, a little  different  than  given  by  the  early  formula  at  the 
higher  temperatures  above  the  range  at  which  measurements  were 
made. 

The  equation  of  state  for  substances  in  the  vapor  region  has 
reteived  an  enormous  amount  of  attention,  and  in  computing  the 
properties  of  various  substances  which  are  required  by  engineers 
a reliable  equation  of  state  is  of  first  importance.  In  the  paper 
appearing  in  The  American  Society  of  Refrigerating  Engineers’ 
Journal.  November,  1915,  computations  were  presented  which  com- 
jiared  experimental  values  with  computated  values  of  the  pressure 
over  a wide  range  of  temperature  for  seven  substances  of  diversified 
chemical  constitution. 

.Steam,  because  of  its  importance  in  engineering  work,  has  re- 
ceived perhaps  more  attention  from  experimenters  and  computers 
than  any  other  substance.  R,  D.  Mailey,  at  the  Research  Laboratory 
of  Physical  Chemistry  of  the  ^Massachusetts  Institute  of  Technology, 
devoted  a number  of  years  to  the  study  of  water  in  both  the  vapor 
and  liquid  phases,  and  for  this  substance  the  form  of  the  equation 
of  state  has  received  a most  complete  verification.  Ammonia  is  in 
its  physical  properties  very  similar  to  water.  Thus  water  has  a high 
dielectric  constant,  a high  heat  of  evaporation,  a specific  heat  cajiac- 
ity  in  the  liquid  phase  roughly  twice  that  of  the  vajior  phase,  while 


the  coefficient  I I in  the  liquid  phase  changes  rapidly  with 

\ST J V 

the  temperature.  All  these  properties  parallel  the  properties  of 
ammonia,  and  on  this  account,  as  well  as  because  of  the  success 
of  the  equation  with  the  substances  of  more  remote  similarity,  it 
was  decided  to  make  use  of  the  equation  for  computing  the  proper- 
ties of  ammonia ; in  spite  of  the  fact  that  the  equations  of  state  at 
present  in  use  are  of  very  different  form. 

Quite  recently  the  ammonia  tables  computed  by  William  E. 
Mosher  on  the  basis  of  the  old  data  have  been  published  in  Profes- 
sor Goodenough’s  book.^  It  is  expected  that  in  the  near  future  the 
ammonia  tables  based  on  the  new  experimental  data  will  be  issued 

’ “Properties  of  Steam  and  Ammonia,”  John  W'ilcy  & Sons,  1915. 
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and  the  purpose  of  the  present  communication  is  to  present  a dis- 
cussion of  the  basis  of  these  new  tables,  together  with  some  com- 
parisons of  the  new  tables  with  the  Mosher-Goodenough  tables. 

TIIF.  \ APOR  PRKSSL-RF  OF  LIQUID  .\M MONIA 

.-\mong  the  various  physical  properties  of  a substance,  an  accu- 
rate knowledge  of  the  vapor  pressure  in  relation  to  the  temperature 
is  very  essential.  While  at  first  sight  it  would  appear  that  accurate 
pressure  measurements  could  be  carried  out  with  ease,  it  is  found 
that  when  results  reliable  to  one-tenth  of  one  per  cent  are  in  question 
the  experimental  problem  is  far  from  simple.  The  establishment  of 
a constant  temperature  bath,  in  which  the  temperature  of  the  am- 
monia may  be  measured,  the  measurement  of  this  temperature  on 
some  definite  temperature  scale,  the  purity  of  the  ammonia  sample 
and  the  attainment  of  the  true  equilibrium  between  the  ammonia 
and  its  vapor  are  factors  which  must  be  under  easy  control  before 
one  can  feel  confidence  in  the  reliability  of  the  observed  values. 
The  establishment  of  the  temi>erature  scale  is  of  great  importance, 
and  no  doubt  many  discrepancies  in  vapor  pressure  data  may  be 
ascribed  to  a lack  of  adequate  facilities  for  securing  reliable  ther- 
mometric readings.  It  is  obviously  logical  to  use  the  absolute  scale, 
or  what  for  practical  purposes  almost  exactly  approximates  it;  the 
constant  volume  hydrogen  thermometer.  Repeated  and  careful 
comparisons  of  the  mercury  thermometer  used  are  necessary.  This 
instrument  at  best  is  far  inferior  to  a properly  prepared  pure 
platinum  resistance  thermometer,  which  may  be  calibrated  under 
conditions  which  have  been  carefully  investigated. 

After  passing  through  a two-years’  experience  at  the  Institute 
with  mercury  thermometers  the  vapor  pressure  temperature  rela- 
tions were  redetermined  using  a sensitive  platinum  thermometer, 
the  readings  of  which  could  be  carefully  related  to  the  hydrogen 
thermometer  scale. 

The  pressure  measurements  were  carried  out  by  weighing  the 
force  exerted  against  a steel  piston  floating  in  oil,  which  was  in 
equilibrium  with  the  pressure  of  the  ammonia.  This  equilibration 
of  the  piston  was  given  a prolonged  study  under  various  conditions 
and  at  various  pressures.  As  a result  of  this  work  a new  and  sensi- 
tive method  of  determining  the  equilibrium  position  under  a given 
pressure  was  developed,  and  by  the  use  of  this  equilibrium  indicating 
device  the  final  calibration  of  the  piston  with  a 40-foot  column  of 
mercury  was  carried  out. 

After  more  than  two  years’  experience,  during  the  course  of 
which  time  a large  number  of  measurements  of  the  vapor  pressure 
had  been  made  under  varying  experimental  conditions,  a new  ap- 
paratus was  constructed  and  the  work  repeated.  The  final  values 
derived  from  the  final  measurements  were  found  to  be  in  excel- 
lent agreement  with  the  earlier. 

The  method  of  treating  the  vapor  pressure  data  and  calculat- 
ing the  constants  of  the  equation  which  is  to  represent  the  vapor 
pressure  is  discussed  in  The  Journal  of  this  Society,  already  men- 
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tioned.  The  complete  equation  giving  the  pressure  in  atmospheres 
is  as  follows: 


196965 

logio  />  = 

T 


+ 13.31704  — 3.23858  X 10'*  T + (i) 

5.4131  X 10-®  'P  — 3.2715  X 10-*  T*. 


Fig.  I has  been  prepared  by  comparing  the  value  of  the  Good- 
enough-Mosher  tables  with  the  new  experimental  values  as  calcu- 
lated by  the  vapor  pressure  equation.  It  has  been  known  for  a long 
time  that  Regnault’s  high-pressure  or  closed  monometer  pressure 
readings  were  too  low.  Mosher’s  critical  investigation  resulted  in 
increasing  the  pressure  at  higher  temperatures.  At  temperatures 
below  zero  Regnault  made  use  of  a mercury  thermometer,  which 
seems  to  have  caused  an  error  in  the  temperatures  observed.  Table  i 
gives  the  pressures  in  atmospheres  assigned  by  Regnault  and  those 
resulting  from  the  new  work  for  each  ten  degrees  centigrade  from 
— 30®  to  100®. 


Table  I. — V.\por  Pressures  of  Liquid  A.mmonia  ix  Atmospheres 


Temp.  ° C. 

Regnault. 

New  Values. 

-30 

1.140 

1.177 

—20 

1.831 

1.885 

—10 

2.821 

2.892 

0 

4.189 

4.278 

10 

6.018 

6.127 

20 

8.402 

8.535 

30 

11.45 

11.60 

40 

15.26 

15.44 

50 

19.95 

20.16 

60 

25.62 

25.90 

70 

32.47 

32.78 

80 

40.59 

40.95 

90 

50.16 

50.56 

100 

61.36 

61.83 

THE  SPECIFIC  VOLUME  OF  SUPERIIE.-\TE1)  AND  S.\TUR-\TED  AMMOXIA 

VAPOR 

The  saturated  volumes  of  the  vapor  were  all  calculated  by 
means  of  the  equation  of  state  for  ammonia  vapor.  Ammonia  vapor 
is  peculiar  in  its  property  of  absorbing  very  markedly  on  glass  or 
other  surfaces.  It  is  this  property  which  makes  accurate  measure- 
ments of  the  specific  volumes  very  difficult.  During  the  course  of 
the  Institute  work  it  was  found  to  be  impossible  to  obtain  consistent 
data  for  large  volumes  owing  to  this  disturbing  factor. 

The  error  introduced  by  the  absorption  effect  will  depend  some- 
what upon  the  manner  in  which  the  measurements  are  carried  out. 
For  example,  liquid  ammonia  may  be  condensed  in  a steel  container 
at  about  — 34®  C.  and  the  steel  container  sealed.  Xow  at  constant 
pressure  and  increasing  temperature  the  volumes  would  approach 
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more  and  more  nearly  the  true  values,  while  at  constant  tempera- 
ture and  increasing  pressure  the  volumes  would  be  increasingly  too 
small.  A further  complication  is  introduced  owing  to  the  fact  that 
the  adjustment  of  the  equilibrium  of  the  absorbed  ammonia  takes 
time  to  establish  itself.  One  observes  that  the  state  of  the  case 
just  outlined  holds  only  if  the  ammonia  container  has  never  been 
used  to  hold  ammonia  previously.  If  it  has  been  used,  it  is  prac- 
tically impossible  to  rid  the  container  of  the  absorbed  ammonia 
except  by  heating  in  a vacuum  to  a high  temperature.  The  conse- 
((uence  of  this  is  that  besides  the  definite  quantity  of  ammonia  in- 
troduced there  may  be  in  addition  an  unknown  absorbed  amount 
which  later  contributes  to  the  volume  of  the  absorbed  ammonia  even 
at  comparatively  high  temperatures  and  low  pressures. 

Ninety-seven  measurements  were  made  in  the  course  of  the 
new  work,  and  from  a study  of  these  data  it  was  found  that  only 
at  very  large  concentrations  and  high  temperatures  could  reliable 
data  be  secured.  The  constants,  accordingly,  of  the  equation  of  state 
were  determined  from  data  in  the  region  of  high  temperatures,  and 
then  by  means  of  the  equation  comparisons  were  made  by  calculat- 
ing the  volumes  of  the  measured  pressures  and  temperatures  for 
the  data  at  large  concentrations. 
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Fig.  2 


Fig.  3 


A study  of  the  deviations  obtained  from  the  comparisons  con- 
firms the  conclusion  that  at  least  in  the  ca.se  of  ammonia  it  is  very 
difficult  to  avoid  the  absorptive  effect.  That  the  absorptive  prop- 
erty of  ammonia  affected  the  results  of  other  observers  is  scarcely  to 
be  doubted.  Fig.  2 gives  the  per  cent  deviation  of  the  specific 
volumes  given  by  Onnes,  and  Perman  and  Davies  from  the  calcula- 
tions by  means  of  the  ecjuation  of  state  for  the  same  temperatures 
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and  pressures  given  by  these  observers.  TheOnnes  measurements  are 
somewhat  erratic  in  trend,  but  they  indicate  that  at  high  temper- 
atures the  volumes  tend  to  be  too  large,  probably  owing  to  the  fact 
that  the  absorbed  ammonia  is  given  up  when  the  experimental  con- 
tainer is  heated  from  room  temperature  to  the  high  temperature 
of  the  measurement.  It  is  evident  that  the  zero  line  in  any  case 
is  about  as  representative  a line  as  could  well  be  passed  through 
the  Onnes,  and  Perman  and  Davies  data.  Fig.  3 gives  the  differences 
between  the  values  appearing  in  the  Mosher  tables  at  5,  50,  100  and 
200  pounds  to  300°  F.  of  superheat.  The  Mosher  values  are  based 
primarily  on  the  data  of  Perman  and  Davies. 

The  saturated  values  of  the  specific  volume  of  ammonia  vapor 
are  also  calculated  from  the  equation  of  state,  or,  what  amounts  to 
the  same  thing,  the  volumes  which  result  from  the  equation  of  state 
when  the  temperature,  and  the  vapor  pressure  corresponding  to  this 
temperature,  are  substituted  into  tlie  equation  of  state.  Holst,-  who. 
it  appears,  actually  made  the  measurements  reported  by  Onnes  at 
the  Third  International  Congress  of  Refrigeration  in  Chicago,  1913, 
used  his  data  to  evaluate  the  constants  of  an  equation  of  state  which 
then  served  for  computing  the  saturation  values  of  the  specific 
volume  of  the  vapor  phase. 

The  Dieterici  values  and  the  Holst  values  have  been  inserted 
in  Fig.  4,  in  which  the  heavy  line  represents  the  values  calculated  in 
the  manner  already  described  by  the  following  equation : 


R a 

p = T (2) 

V — 5 (v — ly 


R per  gram  per  atmosphere  = 4.8177. 

308 

log  8 = 0.98130 

V 

a = 34610. 

/ = — 1. 173. 


THE  S.A.TURATIOX  SPECIFIC  VOLUME  OF  LIQUID  .AMMONIA 

The  determination  of  the  saturation  specific  volumes  of  the 
liquid  do  not  require,  for  engineering  purposes,  to  be  established 
with  the  same  precision  as  do  the  other  properties  of  a substance. 
In  the  present  instance  the  data  due  to  Dieterici  supply  values  which 
are  quite  accurate  enough  for  all  practical  purposes.  The  Dieterici 
values  needed,  however,  to  be  supplemented  by  measurements  below 
zero  and  at  temperatures  approaching  the  critical  temperature.  New 
measurements  were  made  at  about  — 33°,  0°,  and  at  intervals  to 
120°  C.  The  former  paper,  already  referred  to,  de.scribes  a method 
of  treating  liquid  specific  volume  data  in  such  a manner  that,  with 
comparatively  few  accurate  data,  it  is  possible  to  interpolate  very 
accurately  and  thus  calculate  the  specific  volumes  at  any  tempera- 

* Gilles  Holst.  “Les  propri§t^s  therniiqucs  dc  I’ammoniaque  et  du  clilorure  de  methyle." 
Leiden,  1914. 
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ture  within  the  range  of  the  measurements.  Table  TT  gives  the  new 
values  at  each  twenty  °C.  from  — 50  to  120,  together  with  the  values 
due  to  Dieterici,  the  older  values  due  to  Lange  and  those  given  by 
Mosher. 

Table  II. — Specific  Volume  of  Liquid  Ammonia  at  Saturation  Point  in 

C.  C.  Per  Gram 


Temperature 

°C. 

Lange. 

Dieterici. 

W.  E.  Mosher. 

Brownlee 
and  Keyes. 

— 50 

1.4375 

1.4351 

1.4222 

—30 

1.4895 

1.4851 

1.4742 

—10 

1.5480 

1.5415 

1.5330 

0 

1.5795 

1 . 5656 

1.5728 

1.5656 

20 

1.6503 

1.6342 

1.6430 

1.6387 

40 

1.7383 

1.7227 

1.7268 

1.7255 

60 

1.8487 

1.8250 

1.8307 

1.8328 

80 

1.9982 

1.9595 

1.9675 

1.9757 

100 

2.1525 

2.1684 

2.1859 

120 

2.5538 

2.5965 

The  critical  constants  are  as  follows : 


Te  = 132.9°  C. 

pc  = 1 12.31  atmospheres 

Vc  = 4.236. 


R Tc 


pc  Z/i- 


= 4.11. 
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THE  HEAT  OE  EVAPORATION  OF  LIQUID  AMMONIA 

Measurements  involving  the  heat  of  evaporation  of  ammonia 
were  made  by  Regnault,  and  of  these  measurements  twelve"*  sur- 
vived the  Reign  of  the  Commune  and  were  later  published.  A care- 
ful consideration  of  Regnault’s  data  involving  the  heat  of  evapora- 
tion of  liquid  ammonia  has  been  given  by  Jacobus  and  Denton."* 
Franklin  and  Kraus®  measured  the  quantity  at  the  boiling  point  of 
li(juid  ammonia  at  atmospheric  pressure  ( — 33-2°  C.),  their  value 
differing  considerably  from  the  value  obtained  by  Estreicher  and 
Schuerr."  The  original  communication  containing  the  Estreicher 
and  Schuerr  measurements  is  not  available,  and  hence  a critical  ex- 
amination of  the  method  used  or  a review  of  the  data  used  in  making 
necessary  corrections  is  precluded.  The  method  pursued  by  Frank- 
lin and  Kraus  consisted  in  vaporizing  a definite  volume  of  liquid 
ammonia  at  atmospheric  pressure  by  supplying  heat  electrically.  The 
calculation  of  the  heat  of  evaporation  requires  the  electrical  energy, 
the  density  of  liquid  ammonia  at — 33°  C.  and  the  value  of  the 
calorimetric  equivalent  of  the  Joule  at  15®.  The  value  of  the  elec- 
trochemical equivalent  of  copper  used  by  h'ranklin  and  Kraus  was 
retained  in  the  recalculation.  The  recomputed  mean  of  the  Frank- 
lin and  Kraus  measurements,  using  the  latest  density  data  and  the 
15°  Cal.  employed  in  the  present  tables,  accordingly,  is  336.58  Cal. 
at  — 33-2°  C.  A confirmation  of  the  general  correctness  of  this 
value  may  be  obtained  from  the  data  concerning  the  elevation  of  the 
boiling  point  of  liquid  ammonia.  The  data  in  this  connection  is  also 
due  to  I'ranklin  and  Kraus.'  The  mean  value  of  k in  Von’t  Hoffs 
formula. 

^ 0.019885  'P  ^ 

taken  from  the  elevation  of  the  boiling  point  where  water  and  alcohol 
were  used  as  solvents,  is  3.398 — . The  use  of  this  equation  leads 
to  the  value  336.8  Cal.  as  the  heat  of  vaporization  at  — 33.2°  C.  The 
value  obtained  by  means  of  the  Clapeyron-Clausius  relation, 

dp 

T (f,  — V-.)  = L. 

dT 

where  the  quantities  on  the  left  of  the  equation  are  obtained  from  the 
vapor  pressure  equation  (i),  the  equation  of  state  (2),  and  the 
equation  of  the  liquid  volume,  lead  to  the  value  336.5  at  — 33-2°  C. 

The  equation  relating  the  heat  of  evaporation  of  liquid  ammonia 
to  the  temperature  depends  on  the  heats  of  evaporation  calculated 
by  means  of  the  Clapeyron-Clausius  equation  from  the  data  ob- 


* Ann.  dc  Chcm.  et  de  l*hysit|ue  (4)  24,  p.  375,  1871. 
^Jacobus,  Trans.  .Am.  Soc.  Mcch.  Eng.  12,  .307,  1891. 
® Jour.  Phys.  Chcm.  2,  p.  555,  1907. 

* .Acad.  Soc.  Cracovie,  Riill.  7.A,  p.  345,  1910. 

Am.  Chcm.  Jour.  20,  p.  811,  1898. 
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tained  at  the  Research  Laboratory.  The  value  of  L was  computed 
at  80°,  40®,  o®  and  at  — 70®  C.  The  value  of  L at  — 70°,  on  account 
of  the  uncertainty  of  the  vapor  pressure  equation  at  the  lowest  tem- 
perature, cannot  be  considered  to  possess  the  same  relative  accuracy 
as  the  values  of  the  heat  of  evaporation  computed  for  the  higher 
temperatures.  The  values  calculated  at  the  temperatures  mentioned 
were  related  to  the  temperature  by  means  of  a modified  formula 
due  to  Thiesen.  The  Thiesen  fomiula  connecting  the  heat  of  evapo- 
ration with  the  temperature  reads 

L = c C (7'c  — T)" 

where  c and  n are  constants  and  7'c  the  critical  temperature.  The 
equation  satisfies  the  current  ideas  concerning  the  normal  condi- 
tions of  the  curve  (L,  T) — namely,  it  yields  a finite  value  of  the  heat 
of  evaporation  at  the  absolute  zero  and  a zero  value  at  the  critical 
temperature.  Taking  logarithms  of  both  sides  of  the  equation,  there 
results 

log  L = log  r -j-  H log  (Tc  — T), 

consequently  the  logarithms  of  L are  a linear  function  of  the  log- 
arithm of  log  {Tc — T)  and 

d log  L 

= n. 

d log  T 

The  equation  was  not  found  to  hold  strictly  for  liquid  ammonia, 
although  it  does  satisfy  the  values  very  nearly.  To  modify  the 
equation  it  was  assumed  that  the  diflferential  could  be  expressed  as 

dlogL 

= (i  4-  6 (Tc  — 7'). 

d\ogT 

The  resulting  equation  was  then  integrated,  yielding  the  equation : 
log,o  L = 1.56817  — 2.822  X io‘®  (7'c  — 7)  -t-  0.43387  logio  (7'c  — T)..(3) 

The  values  of  L,  calculated  by  the  latter  equation,  together  with 
the  Regnault-Jacobus  and  Kraus  values,  are  in  Table  III. 

Gilles  Holst,®  in  a recent  publication  concerning  the  properties 
of  ammonia,  computed  the  heats  of  evaporation  of  liquid  ammonia 
from  Regnault’s  data,  using  the  more  accurate  Dieterici  specific  heat 
values  now  available  in  computing  the  corrections.  The  average 
temperature  of  Regnault's  twelve  measurements  is  11,68®  C.,  and 
the  rate  of  change  of  the  heat  of  evaporation  with  temperature  may  be 
taken  from  equation  (3)  to  reduce  each  of  Regnault’s  measurements 
to  the  average  temperature.  The  result  of  this  averaging  is  295.7  Cal., 
whereas  equation  (3)  leads  to  the  value  294.3  Cal.  at  11.68®  C.  The 
average  Regnault  value  is,  accordingly,  0.5  per  cent  higher  than  the 
value  derived  from  the  equation. 


* Gilles  Holst.  “Les  propri6t6s  thcrmiques  de  rainmoniaquc  ct  <lii  chlorurc  dc  methyl.” 
Leiden,  1914. 
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Table  III. — Comparison  of  Latent  Heats.  Cal.  per  kg. 


Temp. 

®C. 

Calculated  by 
Equation  (3) 

Observed. 

Percentage 

Difference. 

—33.4 

336.7 

321.3 

— 4.58  Estreicher  & Schuerr 

—33.2 

336.5 

336.6 

.03  Franklin  & Kraus  mea- 
sured. 

—33.2 

336.5 

336.8 

-F  .08  Franklin  & Kraus  from 
ebullio.scopic  constant 

—23.71 

328.1 

316.1 

— 3.6  Regnault-Jacobus- Den- 
ton. 

— 19.55 

324.5 

335.1 

-F3.2  Regnault-Jacobus- Den- 
ton. 

— 9.72 

316.0 

317.0 

-F  .3  Regnault-Jacobu.s- Den- 
ton. 

7. SO 

298.4 

. 

293.0 

— 1.8  Regnault-Jacobus. 

Holst,  in  his  summing  up  of  the  properties  of  ammonia,  has 
computed  the  heats  of  evaporation  by  means  of  the  Clapeyron  Equa- 
tion, using  the  saturated  vapor  specific  volumes  based  on  the  Onnes 

dp 

“virial”  equation  of  state  and  values  of derived  from  a careful 

dT 

study  of  Regnault's  vapor  pressure  measurements.  Table  IV  con- 
tains the  Holst  values  compared  with  the  values  computed  by  means 
of  equation  (3). 


Table  IV. — Comparison  of  Latent  Heats.  Cal.  per  kg. 


Temp. 

Holtz. 

Equation  (3). 

Percentage 

Difference’. 

— 10 

328.5 

341.98  1 

—3.9 

—30 

322.5 

333.62 

—3.3 

—20 

316.0 

324.86  1 

—2.4 

—10 

309.0 

315.74  ' 

—2.1 

0 

301.4 

306.01  ! 

—1.5 

+ 10 

293.2 

296.01  1 

— .9 

+20 

284.24 

285.49 

— .4 

+30 

274.8 

274.43  ! 

+ .14 

+40 

264.2 

262.67  j 

+ .67 

Regnault’s  values  of  the  vapor  pressure  were  admitted  to  be 
low  by  Holst,  and  also  the  corrections  applied  by  Regnault  to  his 
mercury  thermometer  below  zero  were  somewhat  in  error.  This 

dp 

circumstance  would  make  uncertain  values  of  resulting  from 

dT 

the  vapor  pressure  curve,  and  also  the  values  of  L calculated  by 
means  of  the  Clapeyron  equation.  A glance  at  the  z diagram  makes 
evident  at  once  the  erratic  trend  of  the  Regnault  data. 
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Accurate  experimental  values  of  the  heat  of  evaporation  of 
liquid  ammonia  are  necessar}^  in  the  temperature  interval  between  o° 
and  20®  C. ; however,  the  Franklin-Kraus  value  at  the  boiling  point 
and  the  mean  Regnault  value  at  11.68  would  indicate  that  equation 
(3)  represents  the  heat  of  evaporation  with  substantial  accuracy. 


THE  HEAT  CAPACITY  OF  LIQUID  AMMONIA 

In  carrying  out  accurate  heat-capacity  measurements  by  the 
method  of  mixtures  it  is  necessary  to  have  a large  difference  of  tem- 
perature between  the  thermostat  and  the  calorimeter,  in  order  that 
the  resulting  temperature  change  may  be  sufficiently  large  to  permit 
the  necessary  percentage  accuracy.  There  is  considerable  difficulty 
involved  in  obtaining  the  precise  value  for  the  water  equivalent  of 
the  calorimeter,  and  also  in  obtaining  the  value  of  the  specific  heat 
of  the  steel  container  or  other  receptacle  containing  the  ammonia  to 
be  experimented  on. 

The  following  method  of  measuring  heat-capacities  was  sug- 
gested by  Dr.  Charles  A.  Kraus,  of  the  Research  Laboratory: 
steel  bomb  containing  liquid  ammonia  under  the  pressure  of  its  sat- 
urated vapor  is  brought  to  a constant  temperature  in  a thermostat 
above  the  calorimeter  ; it  is  then  dropped  into  a calorimeter  con- 
taining a definite  weight  of  water,  and  the  temi)erature  change  of  the 
calorimeter  is  observed.  Another  steel  bomb  identical  with  the  first, 
but  containing  water  under  the  pressure  of  its  saturated  vapor,  is 
placed  in  the  thermostat  and  dropped  into  the  calorimeter.  The 
weight  of  water  in  the  water  bomb  is  adjusted  by  repeated  experi- 
ments until  it  gives  practically  the  same  temperature  change  as  the 
ammonia  bomb.  This  method  does  away  with  many  of  the  objec- 
tions to  the  method  of  mixtures.  It  is,  of  course,  dependent  for  oper- 
aation  on  a large  temperature-difference  between  the  thermostat  and 
the  calorimeter,  but  the  errors  are  the  same,  or  nearly  the  same,  for 
both  the  ammonia  and  the  water  experiments,  and  consequently 
compensated. 

Mr.  Babcock,  after  having  completed  the  measurements  of  the 
specific  heat  capacity  by  the  method  already  outlined,  undertook  the 
development  of  a method  which  would  permit  the  measurement  of  the 
heat  capacity  over  very  small  temperature  intervals  and  at  various 
temperatures  approaching  the  critical  temperature.  Tlie  method 
consisted  essentiall)’  in  rotating  a steel  ammonia  container  suitably 
immersed  in  oil  in  a silvered  Dewar  tube.  Measured  amounts  of 
electrical  energy  were  introduced  by  means  of  a combined  platinum 
resistance  heater  and  thermometer.  The  amount  of  energy  neces- 
sary to  heat  the  oil  and  container  was  determined  at  a number  of 
interval  between  20®  and  120®.  The  electrical  energy  necessary  to 
raise  the  apparatus  through  one  degree  with  the  ammonia,  after 
making  the  necessary  corrections,  is  thus  the  difference  between  the 
two  series  of  measurements  at  corresponding  temperatures.  These 
latter  measurements  have  not  been  included  in  the  equation  used  in 
the  present  tables,  since  the  two  more  accurate  values  obtained  by 
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Mr.  Babcock  cover  the  practical  range  of  temperature  required  in 
engineering  work. 

The  equation  taken  to  represent  the  saturation  liquid  specific 
heat  capacity  is  somewhat  arbitrary.  It  seems  probable  that  the  heat 

dv 

capacity,  because  of  the  term  , becomes  infinite  at  the  critical 

dT 

temperature.  For  this  reason  the  empirical  eciuation  chosen  to  rep- 
resent the  heat  capacity  was 
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Cs2  = 1. 13747 


5.7575  898.53 

1-  

(Tc—T)  (To  — 7)* 


This  equation  passes  through  the  two  measurements  made  by  Mr. 
Babcock.  The  course  of  the  values  is  illustrated  by  Fig.  5,  in  which 
have  been  inserted  the  values  reported  by  Dieterici.  The  equation 
for  the  integral  heat  referred  to  0°  C.  is ; 


/ 

273.1 


T 898.53 

Css  dT  = 1.1.3747  T + 13.257  logw  (T<-  — 7)  H .345.556. 


Tc  — T 


Table  V gives  a list  of  values  as  smoothed  by  Dieterici  and  re- 
ported in  the  Landolt  and  Bornsteine  tables.  The  Dieterici  values 


Table  V. — Specific  Heat  of  Liquid  Ammonia. 


Drewes 

0 C.° 

.876 

Babcock 
1 . 1450 

Drewes 

10 

1.140 

1.1501 

Elleau  & Ennis 

10 

1.02 

1.1501 

Drewes 

20 

1.19 

1.1570 

Ludeking  & Starr. 

28 

.886 

1 . 1642 

Drewes 

30 

1.218 

1 . 1664 

Drewes 

40 

1.231 

1 . 1796 

von  Strombeck 

45 

1.229 

1 . 1883 

Drewes 

50 

1.239 

1 . 1988 

Drewes 

60 

1.240 

1.2275 

should  be  increased  by  about  one  per  cent  because  of  the  calorie  in 
which  his  results  are  expressed.  The  values  given  by  other  observers 
are  also  included  for  comparison. 


DISCUSSION 

President  DoeUing — Mr.  Mosher,  you  are  very  familiar  with 
this  kind  of  work ; will  you  not  give  us  your  comment  ? 

IV.  E.  Mosher — I must  express  the  same  opinion  about  this 
work  that  I did  about  the  Bureau  of  Standards’  work ; that  is,  I think 
both  of  these  investigations  are  bringing  us  so  much  nearer  the  true 
values  of  the  ammonia  constants,  more  than  anything  available  pre- 
viously; it  is  a great  stej)  forward. 

I would  like  to  see  Mr.  Keyes’  work  published  more  in  full,  and 
would  like  to  have  access  to  the  experimental  data  he  has  taken,  and', 
in  particular,  a little  more  of  the  reasoning  which  has  led  him  to  the 
equation  of  state. 

I think  the  ^lassachusetts  Institute  of  Technology  work  and  the 
Bureau  of  Standards’  work  will  undoubtedly  place  us  in  position 
to  use  ammonia  tables  based  on  their  work  with  great  confidence. 
Moreover,  the  Society  is  certainly  to  be  congratulated  that  it  can 
have  these  original  papers  presented  before  it.  It  is  only  to  be  hoped 
that  we  can  have  them  published  more  in  full  for  the  critiral  exam- 
ination of  the  members. 
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H.  Torrance — As  to  this  question  Mr,  Keyes  raises,  about  the 
kind  of  expansion  that  takes  jilace  when  ammonia,  liquid  or  other- 
wise, expands,  it  seems  to  me  that  the  second  equation, 


is  the  correct  one.  That  is  to  say,  in  the  actual  case  liipiid  is  pro- 
jected through  the  valve  and  thereupon  expands. 

G.  T.  Voorhces — T have  this  ciuestion  rising  in  my  mind  often 
in  connection  with  the  new  development  of  ammonia  data;  Tlie 
engineer  attempts  to  keep  up  to  date  with  ammonia  data  and  de- 
velops certain  work  along  certain  lines  with  the  latest  ammonia  data, 
when  suddenly  newer  data  makes  its  appearance  and  the  question 
rises  in  his  mind  as  to  whether  he  ought  to  retain  the  first  data  or 
use  the  new  that  comes  along. 

I am  not  sure  but  our  position  should  be  not  to  hope  to  work 
with  extreme  accuracy  in  this  matter,  that  we  should  not,  perhaps, 
change  from  our  existing  tables  and  methods  until  all  these  gentle- 
men have  come  to  more  or  less  agreement  on  what  should  be  the 
basic  values. 

I have  worked  with  the  Mollier  diagram,  and  I believe  it  is  the 
most  wonderful  thing  that  has  ever  been  gotten  uji  to  work  with  any 
refrigerant  liquid,  whether  ammonia,  carbon  dioxide,  or  what  not.  I 
believe  you  can  do  more  with  it  than  any  tables  ever  given  to  the 
world,  and,  having  become  somewhat  familiar  with  the  Mollier  dia- 
gram of  Mr.  Mosher,  I wish  !Mr.  Keyes  could  tell  us,  in  a few  words, 
wherein  his  Mollier  diagram  may  diflfer  in  any  radical  way  from  the 
Mollier  diagram  of  IVFr.  Mosher,  so  that  by  such  a short  cut,  and 
without  spending  too  much  time,  whether  there  would  be  any  ma- 
terial diflPerence,  whether  it  would  be,  for  example,  just  a fraction  of 
one  per  cent.  If  there  is  any  material  difference,  and  in  spite  of  the 
fact  that  I have  listened  attentively,  I do  not  think  I have  been  able 
to  gather  just  what  that  difference  may  be,  and  T wish  we  could  be 
advised. 

Mr.  Keyes — Referring  to  Mr.  Torrance’s  remark,  I am  by  no 
means  convinced  that  all  the  so-called  throttling  phenomena  are  in 
reality  Joule-Thomson  experiments.  T was  reading  over  last  night 
the  original  account  of  Joule’s  exjieriments,  and  he  made  a large 
number  of  observations  which  imitate  very  closely  the  so-called 
throttling.  Joule  found  that  only  under  very  particular  conditions 
could  he  obtain  numbers  which  coincided  with  the  meaning  ex- 
pres.sed  by  the  equation 


The  truth  of  the  matter  jirobably  is  that  the  reduction  in  the  tern- 
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peratiire  produced  by  the  expansion  of  a liquid  through  an  orifice  is 
something  of  a mixture,  so  to  sjieak,  of  this  latter  equation  and 


At  any  rate,  if  one  has  a table  prepared  on  the  basis  of  either  equa- 
tion it  is  perfectly  definite,  and  one  may  assume  what  one  chooses 
with  regard  to  the  nature  of  the  expansion  process.  I must  confess 
that  some  further  investigation  is  necessary  to  determine  whether, 
in  the  so-called  expansion  valve,  we  really  do  have  a Joule-Thomson 
phenomenon  taking  place. 

The  interesting  thing  to  me  about  the  new  data  of  the  properties 
of  ammonia,  when  compared  with  ]\Ir.  ^Mosher’s  formulation  of  the 
old  data,  is  the  really  comparatively  small  difference  which  e.xists. 
Differences  to  the  amount  in  extreme  cases  of  only  a few  per  cent. 
This  is  a good  sign.  Engineers  went  through  the  same  experience 
with  the  steam  tables,  as  the  early  tables  were  considerably  in  error, 
while  the  successive  tables  which  appeared  came  nearer  and  nearer 
together  in  values.  The  same  thing  is  probably  going  to  happen 
with  the  ammonia  tables,  and  I feel  that  any  new  work  will  depart 
from  the  Institute  values  of  ammonia  but  little. 

Fig.  3 is  intended  as  an  example  of  what  is  meant.  I have 
plotted  per  cent  deviations  of  the  new  values  from  Mr.  ]\Iosher’s 
values  in  the  case  of  the  superheated  specific  volumes,  and  you  will 
notice  that  the  per  cent  deviations  are  not  wild.  Two  per  cent  is  the 
amount  of  it  in  the  worst  case.  The  same  is  true  of  the  vapor  jires- 
sure  curve,  and  I do  not  feel  that  any  apprehension  need  be  felt  that 
any  great  change  is  going  to  be  made  in  any  of  the  properties  of 
ammonia  subsequent  to  this  latter  work. 

IF.  R\  Mosher — I would  like  to  state  that  at  the  time  F*rof. 
Goodenough  and  myself  prepared  the  tables  there  had  been  a great 
demand  on  the  engineering  experiment  station  for  a set  of  workable 
tables  for  the  use  of  engineers.  A table  was  desired  which  gave 
increments  of  one  pound  and  one  degree,  and  it  seemed  logical  at  the 
time  to  utilize  all  experimental  data  available  in  the  tables  which 
were  worked  up.  At  about  the  same  time  this  Society  had  a com- 
mittee appointed  to  suggest  a temporary  standard  table  for  use  in  the 
refrigerating  industries  of  this  country.  Now,  at  the  time  we  pre- 
pared the  tables  we  knew  that  the  investigation  of  the  Bureau  of 
Standards  was  in  progress  and  also  that  the  investigation  at  the 
Massachusetts  Institute  was  in  progress,  and  we  were  further  in- 
formed that  it  would  likely  be  five  years  before  we  would  have 
available  data  which  would  serve  as  a basis  for  an  authoritative  set 
of  tables.  Therefore,  in  preparing  the  Illinois  tables,  the  attempt 
was  simply  to  make  a summary  after  a critical  study  of  the  old  data. 
I have  pointed  out,  and  ]\Ir.  Keyes  has  pointed  out  a number  of 
times,  that  this  was  the  entire  object  of  those  tables. 
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I have  hoped  that  the  tables  might  be  adopted  as  a standard  by 
the  Society  until  such  time  as  the  Bureau  of  Standards  can  prepare 
standard  tables  for  the  United  States.  Undoubtedly  the  Bureau’s 
tables  will  ultimately  be  the  standard,  and  I believe  the  Goodenough- 
^losher  tables  have  become  more  or  less  standard,  and  thus  thev 
might  simply  fill  in  the  interval  until  the  Bureau  of  Standards’  tables 
appear. 

D.  R.  Harper — I have  listened  to  this  paper  with  a good  deal  of 
interest  because  it  parallels  so  closely  the  work  we  are  doing  at  the 
Bureau  of  Standards.  I think  the  remarks  made  last  night  regard- 
ing the  value  of  Mr.  Keyes’  experimental  work  need  hardly  be  em- 
phasized. We  feel  that  much  of  his  experimental  work  is  of  the 
very  highest  value  and  is  going  to  add  considerably  to  the  certainty 
with  which  ammonia  data  is  known.  There  are.  however,  a few 
remarks  that  I might  make  here,  not  by  way  of  attempting  to  cast 
any  reflection  upon  those  values,  but  to  point  out  to  the  members  of 
the  Society  just  the  status  of  one  or  two  of  the  features  as  they  pre- 
sent themselves  to  me. 

I'he  interesting  value  referred  to,  which  comes  more  funda- 
mentally into  the  computations  of  the  diagrams,  is  that  of  the  heat  of 
evaporation.  The  values  are  determined  entirely  by  computation 
from  equations  based  upon  other  data.  If  this  data  is  sufficiently 
accurate  the  heat  of  evaporation  derived  therefrom  will  be  suffi- 
ciently accurate  for  your  purpose.  Now,  the  specific  densities  in  the 
saturated-vapor  phase,  which  is  one  of  the  constants  that  come  into 
this  computation,  is  the  constant  the  determination  of  which  I 
dwelt  upon  last  evening.  Mr.  Keyes  made  clear  that,  in  .so  far  as 
his  computations  are  concerned,  they  are  determined  from  measure- 
ments made  in  the  temperature  range  above  the  ice  point,  and  below 
zero  he  has  taken  the  equation  of  state  which  he  has  been  working 
with  for  all  materials  for  so  many  years.  In  other  words,  the  values 
are  not  taken  for  the  lower  range  from  direct  observation,  and  in 
consequence  this  eiiuation  of  state  will  have  to  be  substantiated,  I 
think.  It  seems  to  apply  to  ammonia  very  accurately  throughtout 
the  range  where  the  measurements  have  l>een  made.  In  fact,  the 
observations  seem  to  agree  almost  entirely  with  the  equation  of  state; 
so  I think  you  are  entirely  safe  in  taking  the  equation  of  state.  It 
is,  of  course,  an  extrapellation,  and  a wide  extrapellation ; you  are 
going  down  to  very  low  temperatures,  between  zero  and  minus  50 
degrees  C.,  and  that  is  a very  dangerous  thing  to  do.  It  should, 
therefore,  be  borne  in  mind  that,  while  experimental  data  seems  to 
substantiate  the  equation  and  to  make  that  equation  of  state  one  to 
be  generally  accepted,  we  want  to  bear  in  mind  what  we  are  working 
with.  Those  are  the  thoughts  that  have  been  most  prominently  in 
my  mind  in  going  over  this  work  on  latent  heat  as  computed  from 
specific  volumes  which  were  not  determined  directly  in  the  lower 
range  of  experimental  data. 

As  regards  the  apparent  agreement  of  some  of  the  older  meas- 
urements with  the  newer  data,  and  as  given  in  this  paper,  there  are 
two  or  three  questions  I might  ask  Mr.  Keyes.  The  agreement  of 
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the  liquid  heat  of  evaporation  is  determined  from  the  rise  in  boiling 
point  due  to  dissolved  substances,  and  it  occurs  to  me  that  this  is 
rather  doubtful  as  to  meaning.  What,  for  example,  is  the  pre- 
cision with  which  the  data  can  be  determined  when  the  rise  in  boiling 
point  is  rather  small.  I will  ask  Mr.  Keyes  to  state  about  what  he 
thinks  is  the  precision  with  which  the  rise  in  boiling  point  can  be 
determined?  If  we  did  not  obtain  the  agreement  it  need  not  worry 
us  at  all,  as  it  is  more  or  less  accidental. 

In  the  same  way  as  regards  the  agreement  of  Dieterici’s  values 
of  the  specific  volume  of  the  vapor.  Prof.  Dieterici  is  a very  careful 
worker,  I think,  but  he  was  working  under  conditions  difficult  to 
control  and  with  apparatus  not  well  suited  to  his  problem.  I may 
be  mistaken  with  reference  to  the  accuracy  with  which  he  could  de- 
termine specific  volumes,  but  I think  it  is  entirely  accidental  if  he 
got  less  than  5 per  cent  error.  The  error  might  grow  greater  one 
time  and  smaller  another,  and  by  taking  a large  number  of  observa- 
tions it  may  balance  out  to  a slightly  better  average  than  5 per  cent, 
but  so  far  as  precision  of  his  observations  is  concerned  I doubt 
whether  he  could  get  an  accuracy  greater  than  5 per  cent.  I was 
going  to  say  10  per  cent,  but  perhaps  that  is  too  wide,  so  5 per  cent  is 
better  for  me  to  give  and.  if  Mr.  Keyes  will  make  a note,  I would 
like  to  have  him  give  his  opinion  as  to  whether  he  does  not  consider 
it  little  more  than  a hapjn-  accident  that  Dieterici’s  values  happened 
to  agree  with  those  of  the  calculations  given. 

With  respect  to  the  agreement  of  latent  heat  as  determined  from 
specific  volumes  and  vapor  pressure  change  with  temperature  calcu- 
lations, the  values  Mr.  Keyes  gives  here  involve  also  the  question  of 
the  temperature  scale.  So  far  as  you  engineers  are  concerned,  it 
makes  no  difference  what  temperature  scale  you  use,  because  the 
difference  between  the  hydrogen  and  platinum  resistance  scale  is 
determined  by  various  corrections,  but  when  we  come  to  using  those 
differences  for  fundamental  data,  they  may  become  significant:  that 
is.  if  you  are  trying  to  determine  the  elevation  of  boiling  point,  the 
temperature  scale  become.s  important.  Mr.  Keyes  might  indicate 
quite  clearly  what  temperature  scale  he  used.  It  will  be  of  no  par- 
ticular interest  to  you  for  ordinary  work,  but  it  will  be  of  interest  to 
u.s,  if  he  used  a platinum  resistance  thermometer,  what  temperature 
scale  he  employed. 

Those  engaged  in  scientific  work,  we  hope,  will  use  the  20-de- 
gree  calorie  instead  of  15-degree  calorie.  The  Bureau  of  Stand- 
ards has  not  taken  any  action  toward  officially  recommending  the 
20-degree  calorie,  but  the  reasons  for  using  it  appear  to  us  rather 
good.  These  reasons  are  set  forth  in  one  or  two  of  our  publications, 
and  in  so  far  as  data  is  being  expressed  in  units  where  there  is  a 
slight  difference  of  practice  throughout  the  world,  it  is  very  desirable 
to  come  to  a standard  basis  and,  after  a careful  review,  we  have  ac- 
cepted the  20-degree  caloric  in.stead  of  the  15.  It  is  to  be  hoped 
there  will  some  day  be  an  international  agreement  on  this  matter. 

Mr.  Keyes — As  to  the  temperature  scale  and  platinum  ther- 
mometer, I wanted  to  convey  the  idea  that  the  constant-volume  hy- 
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drogcn  thermometer  is  the  one  I referred  my  platinum  thermometer 
readings  to.  This  practically  coincides  with  the  absolute  scale  of 
temperature  over  the  range  in  which  measurements  are  carried  out. 
Do  you  recollect.  Dr.  Harper,  what  the  value  of  the  20-degree  calorie 
is  ? 

D.  R.  Harper — .About  one  jiart  in  a thousand  different  from  the 
15- 

Mr.  Keyes — Dr.  Harper’s  remarks  about  the  heat  of  evapora- 
tion, as  computed  by  the  elevation  of  the  boiling  point,  are  quite 
apropos.  We  have  a very  small  interval  of  rise  in  temperature  to 
measure,  and  are  jierhaps  measuring  a few  tenths  of  a degree.  Now, 
it  is  obvious  you  cannot  measure  that  with  any  great  degree  of  accu- 
racy. Dr.  Kraus,  however,  is  one  of  the  most  skillful  of  experi- 
menters, and  he  determined  the  values  of  the  elevation  which  I 
used  in  the  computation  Dr.  Harper  refers  to.  .\  good  bit  of  his 
work  is  not  jiublished  and  is  many  years  old  now,  but  I should 
say  that  the  value  at  33.2  is  perhajis  2 per  cent  or  3 per  cent  off',  at 
the  worst.  T>y  no  means  can  we  put  as  much  confidence  in  it  as  we 
can  in  the  data  just  referred  to,  but  nevertheless  it  is  of  intere.st  to 
compute  the  value  in  this  manner.  If  it  came  out  in  the  same  order 
of  magnitude,  within  5 per  cent,  it  would  make  one  think  that  the 
more  reliable  values  were  .somewhere  near  the  truth. 

The  specific  volumes,  as  given  by  Dieterici,  cannot  be  subject 
to  any  high  degree  of  accuracy.  I think  that  Dr.  Har{)er  is  very 
liberal  in  stating  5 per  cent.  T scarcely  think  they  are  as  good  as 
that  at  the  lower  temperature,  and  the  agreement  with  the  heavy 
line  in  Fig.  4 must  be  regarded  as  somewhat  accidental.  The  final 
word  on  the  specific  volume  of  saturated  vapor  is,  of  cour.se,  given 
by  the  work  of  the  Bureau  of  Standards.  These  values  T have  pre- 
sented, be  it  empha.sized  again,  are  computed  by  an  equation  of  state 
which  I have  good  reason  to  think  is  a valid  equation. 

The  equation  of  state  rests  on  a rational  basis,  and  T have  talked 
about  the  equation  to  my  friends  for  the  last  six  years  or  so,  but 
have  not  published  anything  in  connection  with  it,  except  that  which 
appeared  in  the  A.  S.  R.  E.  Journ.al  of  a year  ago.  T did  at  that 
time  present  some  computations  covering  rather  high  pressures  for  a 
number  of  substances,  ff  one  examines  those  computations  I think 
you  will  be  struck  with  the  fact  that  the  equation  does  represent, 
with  surprising  accuracy,  the  p.  v.  T.  relations  of  all  the  substances 
presented  very  well. 

I have  recently  undertaken  to  review  all  the  data  in  connection 
with  the  p.  V.  T.  relations  of  air,  and  the  ecpiation  reproduces  the 
v’alues  to  within  about  one-tenth  per  cent.  In  another  investigation 
T have  been  taking  up  the  equation  of  state  for  liquid  ether,  and  the 
e(|uation  enables  me  to  calculate  the  Bridgeman  data  to  12,000  at- 
mospheres with  an  accuracy  at  that  pressure  of  two  or  three  per 
cent. 

G.  T.  J^oorhees. — T desire  to  ask  a que.stion  of  Mr.  Keyes  and 
Air.  Alosher,  and  will  preface  it  by  noting  some  work  I did  fifteen 
years  ago,  where  I had  to  determine  the  properties  of  aqua  ammonia 
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ranging  from  pure  anhydrous  ammonia  to  pure  water.  In  making 
these  determinations,  which,  by  the  way,  I suppose  would  be  con- 
sidered very  crude  compared  with  what  the  Bureau  of  Standards 
does,  1 found  that  it  was  absolutely  impossible  to  work  at  the  tem- 
peratures ordinarily  given  in  using  aqua  ammonia,  because  the  aqua 
ammonia  would  not  exist  at  those  temperatures,  and  for  my  own 
purposes  I had  to  establish  an  arbitrary  zero  low  enough  so  I could 
work  with  all  the  aqua  ammonias.  I worked  around  minus  30  de- 
grees and  referred  all  my  work  to  that  temperature. 

In  refrigerating  work,  I think  there  is  a question  of  vital  interest 
to  this  Society,  and  that  is,  why  should  we  stick  to  the  old  arbitrary 
value  of  specific  heat  as  being  determined  at  zero  C.  or  32  F.  in  all 
our  tables?  It  makes  a rather  inconvenient  point  to  work  from, 
in  that  we  have  to  have  plus  and  minus  values  of  heat  and  liquids, 
etc.  I am  quite  sure  that,  in  any  work  we  do,  it  would  be  more  con- 
venient if  our  starting  point  for  heat  of  liquids  started  down  where 
we  are  working  from,  at  some  temperature  at  least  low  enough  that 
we  are  not  going  to  get  plus  and  minus  values.  I offer  this  as  a 
suggestion  to  the  committee  that  is  working  along  these  lines  with 
the  Bureau  of  Standards;  that  is,  whether  it  is  not  advisable  for 
this  Society  to  suggest  that  the  heat  of  the  liquid  be  determined  from 
some  other  temperature  than  32  degrees,  because  it  is  not  practical 
for  our  purposes.  Minus  30  or  minus  40  would  serve  better,  or 
whatever  the  Society  might  set  forth. 

r.  IV.  Frerichs — Why  not  start  with  absolute  zero? 

President  Doellincj — That  would  have  to  be  taken  up  by  the 
committee,  I think ; we  cannot  decide  it  here. 

Mr.  Keyes — The  choice  of  32  degrees  h'.  as  the  reference  point 
in  tabulating  the  integral  heat  of  the  licpiid  is  very  projier  when  water 
is  the  .sub.stance  in  (|uestion.  One  notes  that  this  is  the  freezing 
point  of  the  substance,  below  which  the  liquid  cannot  exist.  /\t  any 
rate,  cannot  exist  in  equilibrium  with  the  solid  phase  under  the 
common  vapor  ]:>ressure.  By  analogy,  the  freezing  point  of  am- 
monia should  be  chosen  as  the  reference  point  for  this  substance. 
The  freezing  point  is  about  — 77  degrees  C. 

A change  in  the  units  used  could  be  well  introduced  along  with 
reckoning  the  zero  of  integral  liquid  heat  from  the  freezing  point. 
English  engineers  persist  in  using  the  antiquated  pounds,  cubic-feet 
units  when  all  the  rest  of  the  world  have  for  many  years  turned  to 
the  use  of  a rational  system  of  units. 
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By  C.  M.  Gay,  Los  Angeles,  Cal. 

.\nSTK.\CT  AND  DISCl'SSION 

The  term  “p**^cooling,”  properly  applied,  means  the  cooling  of 
perishable  products  while  loaded  in  the  refrigerator  car  and  prior  to 
departure  of  train.  It  eliminates  rehandling,  and,  since  successful 
operation  depends  upon  prompt  cooling,  it  l)ecomes  a function  of 
the  transportation  company,  in  the  same  manner  that  cold  storage, 
before  delivering  to  the  railway  company,  is  an  unquestioned  pre- 
rogative of  the  shipper.  On  the  one  hand,  quick  cooling  is  necessary 
to  avert  decay ; on  the  other,  the  railroad  company  desires  to  ac- 
celerate the  movement  and  availability  of  the  cars.  Once  the  ad- 
vantages of  precooling  to  the  shipper,  carrier  and  consumer  were 
realized,  the  system  was  soon  adopted  on  a large  scale. 

In  1907  the  author  was  requested  by  the  .Atchison,  Topeka  & 
Santa  Fe  Railroad  Company  to  study  the  possibility  of  cooling  the 
contents  of  a train  of  refrigerator  cars  loaded  with  oranges,  pre- 
ferably in  five  hours  or  less,  reducing  the  temperature  of  the  fruit 
from  the  packing  house  temperature  of  60  degrees  to  90  degrees  F. 
to  the  average  refrigerator  car  temperature  of  44  degrees  to  48  de- 
grees F.  For  the  purpose  of  securing  the  necessary  data,  the  com- 
pany turned  over  its  e.xperimental  refrigerating  ])lant  at  San  Bernar- 
dino, Cal.  The  information  gained  formed  the  basis  upon  which  the 
present  great  Santa  I'e  ice  making  and  precooling  plant  was  built 
at  San  Bernardino  in  1910. 

Trains  of  cars  from  the  surrounding  citrus  fruit  district  are 
taken  to  this  precooling  station  as  fast  as  loaded,  and  leave  after  a 
stop  of  only  four  hours,  for  their  eastern  destinations,  with  only 
occasional  subsequent  icing  en  route. 

What  makes  precooling  difficult  is  the  fact  that  refrigerator  cars, 
as  built,  are  by  no  means  air  tight.  Early  e.xperiments  proved,  that 
when  a closed  car  with  an  inside  air  pressure  corresponding  to  Fl- 
inch water  column  was  left  standing,  the  loss  of  air  from  unseen 
openings  amounted  to  800  to  2,000  cubic  feet  per  minute.  The  same 
leakage  existed  when  an  equivalent  vacuum  had  been  created  within 
the  car.  Therefore,  means  had  to  be  devised  to  equalize  the  pressure 
and  volume  of  the  refrigerated  air  entering  and  leaving  the  car,  and 
to  so  balance  the  air  circulating  system  between  pressure  and  suction 
ducts  that  the  point  of  equalization  came  as  nearly  as  possible  in 
the  center  of  the  car. 

Plans  are  given,  showing  the  size  and  arrangement  of  the  build- 
ings, insulation,  air  ducts,  etc.,  built  of  reinforced  concrete.  The 
main  building  houses  the  power  plant,  ice  tank  room,  day  storage 

* Read  at  Fourth  Western  Meeting,  San  Francisco,  Cal.,  September  23  and  24,  191.">. 
Complete  paper  appeared  in  The  Joukn.m.,  September,  1915. 
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ami  winter  storage.  It  is  51 1.5  x 132  feet.  Connected  to  the  wdnter 
storage  are  the  precooler  chamber  and  icing  dock,  extending  for 
737.5  feet.  This  gives  a full  length  of  1,249  for  the  plant,  or 
about  34  mile.  A concrete  w’ater  reservoir,  80  feet  square  and  10 
feet  deep,  is  provided  for  the  double  pipe  ammonia  condensers. 
W’ater  is  obtained  for  the  entire  plant  from  an  artesian  well,  supply- 
ing 500  gallons  per  minute.  Another  concrete  reservoir,  20  x 30  x 10 
feet,  is  used  as  a crude  oil  tank  for  the  boiler  plant. 

Three  350  horsepow’er  Sterling  boilers  are  provided,  also  tw'o 
24  X 42-inch  cross  compound  Corliss  engines,  each  direct  connected 
to  one  300  ton,  17  x 34-inch  duplex  horizontal  \*ilter  refrigerating 
machine.  Adjacent  to  the  engine  room  are  filters  and  ammonia  re- 
ceivers, also  a 36  X 24-foot  water  fore  cooler  tank. 

The  freezing  tank  room  is  115.5  feet  long,  the  full  width  of 
the  building,  and  21  feet  high.  There  are  three  75-ton  freezing  tanks, 
producing  300-pound  blocks,  three  blocks  being  hoisted  electrically 
at  a time.  One  300-ton  brine  tank  is  used  for  the  precooling  system 
and  is  equipped  with  Vilter  flooded  ammonia  coils  and  an  accumu- 
lator. 

The  capacity  of  the  day  ice  storage  is  900  tons,  and  of  the  win- 
ter storage,  7,000  tons  for  each  of  four  sections.  Below’  the  floor 
of  the  day  storage  is  a 49  x 33  x ii-foot  brine  chamber,  containing 
a 200-ton  double  pipe  brine  cooler  and  three  motor-driven  brine  cir- 
culating pumps. 

The  precooler  chamber  is  44.5  x 48  feet,  insulated  wdth  3-inch 
corkboard.  It  contains  2-inch  galvanized  brine  coils.  There  are 
two  sets  of  four  double-inlet  Sirocco  blowers,  each  10  feet  in  diam- 
eter, each  set  operated  by  one  85  horsepower  motor.  Either  set 
can  be  used  for  blowing  or  exhausting. 

From  the  precooler  chamber  lead  two  concrete  tunnels  or  air 
ducts,  one  over  the  other,  about  7 x 10  feet,  the  lower  being  the 
pressure  duct,  the  upper  the  vacuum  duct,  both  insulated.  About 
50,000  feet  of  34-mch  galvanized  brine  pipe  is  arranged  along  the 
sides  of  these  ducts.  Over  the  ducts  is  the  car  icing  platform.  From 
the  ducts  lead  22-inch  diameter  galvanized  steel  spouts  for  connec- 
tion to  the  refrigerator  cars. 

The  plant  has  a maximum  precooling  capacity  of  32  cars  every 
four  hours,  or  about  150  cars  per  24  hours.  The  brine  is  circu- 
lated from  the  300-ton  brine  tank  through  the  refrigerating  circuit 
and  recooled  in  the  brine  tank.  A large  automatic  equalizing  valve 
connecting  the  pressure  and  vacuum  ducts  is  placed  near  the  ter- 
minals of  the  tunnels.  An  automatic  intake  valve  is  located  at  the 
outer  end  of  the  vacuum  duct  to  compensate  for  air  that  might  be 
lost  when  the  warm  air  is  blown  from  the  cars. 

The  volume  of  air  moved  by  the  fans  is  about  260,000  cubic 
feet  per  minute.  In  the  lower  duct  a pressure  is  held  of  to  ^ 

inch  water  column  above  atmosphere,  and  in  the  upper  duct  a 
vacuum  of  to  inch  of  water.  The  air  is  delivered  at  8 de- 
grees to  10  degrees  F.  temperature  and  returns  from  the  cars  wdth 
20  to  24  degrees  F. 
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The  flow  of  air  through  a car  is  at  the  rate  of  6,000  to  8,000 
cubic  feet  per  minute. 

Details  are  given  showing  tlie  great  facility  with  which  flexible 
connection  is  made  with  the  openings  in  the  car  roof. 

The  total  amount  of  refrigeration  consumed  by  a car  of  fruit 
varies  from  to  4 tons,  average  3 tons,  depending  upon  its  initial 
temperature.  About  1,500,000  cubic  feet  of  cold  air  pass  through 
a car,  the  average  loss  not  exceeding  five  per  cent.  Cars  are  cooled 
to  about  40  to  45  degrees  h'.  After  precooling  the  car  is  iced  by 
means  of  the  endless-chain  conveyor. 

The  plant  is  fully  equipped  with  facilities  for  measuring  the 
quantity  of  air  and  brine  in  circulation.  The  original  charge  of 
ammonia  was  13,000  pounds.  The  plant  represents  an  investment  of 
about  $900,000. 

Defrosting  is  done  once  a week  by  blowing  warm  outdoor  air 
over  the  cooling  coils,  with  the  brine  shut  off.  This  takes  i to  ijka 
hours.  If  desired,  warm  air  can  be  blown  through  the  cars  to  pre- 
vent frosting  in  severe  cold  weather. 

At  this  plant  a train  of  30  cars  can  be  connected  to  the  cooling 
system  by  four  operators  within  ten  minutes.  Since  this  plant  has 
been  established,  over  28,000  cars  have  been  precooled,  and  damage 
claims  practically  eliminated  on  shipments  precooled  by  the  Santa 
Fe  Railroad. 

DISCUSSION 

C.  M.  Gay. — In  1907  the  General  Alanager  of  the  Santa  Fe 
Refrigerator  Dispatch  came  to  me  and  opened  up  the  question  of 
precooling.  He  told  me  what  I had  not  read  and  did  not  know  of 
the  experiments  along  those  lines,  and  the  wishes  of  the  growers 
in  the  Southwest — I was  then  living  in  Los  Angeles — and  to  a cer- 
tain extent  he  outlined  the  necessity  for  precooling  from  a railroad 
viewpoint,  as  they  then  saw  it.  He  was  a man  with  a very  full 
knowledge  of  transportation  requirements,  and  I sat  and  talked 
with  him  for  a long  time  trying  to  get  his  point  of  view.  He  said, 
“Is  it  going  to  be  possible  for  us,  Mr.  Gay,  to  take  a train  of  loaded 
fruit  cars  and  cool  them  on  the  track  within  a period  not  exceeding 
four  or  five  hours,  ready  for  icing  and  shipping  to  the  East?”  I said, 
“I  do  not  know.  What  experiments  have  you  made?”  He  showed 
me  their  experimental  plant.  There  was  nothing  very  decisive 
about  the  plant,  but  it  was  well  arranged  for  making  experiments. 
After  taking  charge  of  the  plant  and  making  a few  cursory  experi- 
ments, I suggested  one  day  that  in  order  to  precool  a loaded  car  it  was 
necessary  to  have  a rack  on  the  floor,  so  as  to  have  a space  under 
the  fruit  boxes  for  air  circulation.  He  asked,  “What  will  this  cost 
per  car?”  I made' a rapid  calculation  and  said,  “About  $12  or  $14 
per  car.”  He  said,  “Well,  we  will  say  $14,  and  for  14,000  cars  it 
would  make  a total  of  $196,000.  Well,  you  won't  get  it;  that  is  out 
of  the  question.” 

Gentlemen,  that  was  more  education  than  I had  ever  got  on  that 
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subject  in  one  sentence,  lie  followed  that  up  immediately  by  saying, 
“I  don't  care  what  the  station  plants  cost  particularly,  but  don’t  you 
go  to  fooling  with  any  of  my  cars,  because  every  time  you  add  a 
screw  1 have  got  to  multiply  it  by  14,000.”  1 don’t  think  anybody 

had  a better  basis  to  work  from  than  that.  Accordingly,  I dropped 
the  question  of  making  any  changes  in  the  construction  of  refrigera- 
tor cars,  and  this,  probably,  was  an  absolute  necessity  toward  making 
fast  progress. 

In  taking  hold  of  this  work  I first  undertook  to  determine  the 
principle  governing  the  circulation  of  air  in  refrigerator  cars  and 
found  that  every  car  used  by  the  Transcontinental  Refrigerator 
Lines  was  full  of  openings,  unable  to  hold  even  a slight  air  pres- 
sure. As  stated  in  the  paper,  this  air  leakage  frequently  ran  as 
high  as  2,000  cubic  feet  per  minute  under  one-half  inch  water  gauge 
pressure.  With  a vacuum  on  the  car  of  one-half  to  three-quarters 
of  an  inch  of  water,  I found  there  was  a leakage  from  the  outside 
to  the  inside  of  practically  the  same  amount.  I then  came  to  the  con- 
clusion that  a successful  precooling  plant  must  meet  this  condition 
of  affairs,  and  that  the  work  would  have  to  be  done  with  a mini- 
mum amount  of  deviation  from  atmospheric  pressure  in  the  car, 
and  that  a tremendous  air  circulation  was  necessary  to  accomplish 
the  required  refrigeration. 

I investigated  the  specific  heat  of  the  fruit  which  was  to  be 
cooled,  and  developed  the  fact  that  the  specific  heat  of  oranges 
varies,  according  to  the  type  and  grade,  thickne.ss  of  skin,  etc.,  from 
0.73  to  0.82.  1 translated  that  into  air  units  of  heat,  and  found  that 
I woidd  have  to  have  a very  strong  circulation  of  air  in  the  car,  and 
at  very  moderate  pressures,  to  attain  rea.sonable  efficiency.  With 
that  as  a basis,  I proceeded  to  design  the  plant  as  de.scribed  in  the 
paper. 

llcnrv  Torrance. — Was  the  steam  plant  cheaper  to  operate  than 
the  electric  ? I see  you  have  in  use  both  .steam  engines  and  electric 
motors. 

C.  M.  Gay. — The  conditions  that  obtained  at  the  time  the  plant 
was  designed  were  peculiar.  There  was  hardly  anybody,  e.xcept 
myself,  who  believed  a precooling  .sy.stem,  applied  to  a train  of  cars, 
was  going  to  be  a success,  so  that  for  auxiliaries  it  was  much  cheaper 
to  install  electric  motors  than  it  was  to  put  in  steam  units  for  every- 
thing. Furthermore,  if  precooling  should  not  prove  to  be  a success, 
it  would  serve  In  the  future  as  electrical  reserve  equi])ment.  A very 
low  rate  for  electric  current  was  made  at  that  time,  so  that  the  ques- 
tion of  u.sing  steam  for  driving  these  auxiliaries  was  never  really 
very  seriously  considered. 

Besides,  the  main  plant  which  is  driven  by  steam,  i.  e.,  the  ice 
making  and  ice  storage  plant  is  operated  about  350  to  360  days  per 
annum  steadily,  while  the  precooling  plant,  which  is  operated  by 
electricity,  is  required  for  only  six  or  seven  months  annually,  with 
the  possibility,  I'cry  insistoitly  imf^ressed  on  me  at  the  time  it  %cas 
designed,  that  it  might  never  be  operated  at  all.  Consequently,  I 
wanted  to  put  as  little  expense  as  possible  into  that  feature.  That 
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accounts  for  the  operating  of  all  the  auxiliaries  used  in  connection 
with  the  plant  by  electricity. 

ran  R.  H.  Greene. — VVhat  do  you  find  the  actual  pressure  dro{> 
through  the  car  to  be,  between  the  inlet  and  outlet  ducts? 

C.  -1/.  Gay. — At  the  jiresent  time  we  maintain  about  two  inches 
total  differential,  about  one  inch  vacuum  on  the  upper  duct  and  an 
inch  of  pressure  on  the  lower  duct.  That  makes  a two-inch  differ- 
ence to  produce  the  circulation.  We  get  an  equalization  of  pressure 
at  the  car  door.  The  length  of  all  the  laterals  is  the  same  no  matter 
how  twisted  or  turned,  .so  that  we  have  practically  the  same  friction 
in  both  feed  and  return  lines,  the  same  control  differential  between 
feed  and  return,  and  we  can  ab.solutely  maintain  the  point  of  equali- 
zation exactly  at  the  door. 

J.  H.  Beckman — In  loading  the  cars,  is  it  necessary  to  pile  the 
boxes  in  any  particular  way? 

C'.  .'V/.  Gay. — Yes,  and  in  a way  that  had  already  been  estab- 
lished by  the  necessity  for  standard  refrigeration  with  ice  by  the 
various  roads.  They  pile  the  boxes  so  many  boxes  wide,  giving  a 
certain  amount  of  clearance  between  the  rows  of  boxes,  and  they 
are  also  lathed  across  in  tiers,  which  makes  a space  between  the  boxes 
both  ways.  That  is  necessary  in  order  to  cool  off  the  car  under 
standard  refrigeration  where  the  ice  is  placed  in  the  bunker.'^,  and 
it  is  admirably  suited  for  the  forced  circulation  used  in  precooling. 

There  is  possibly  one  other  point  that  1 may  give  you  which  has 
developed  during  the  past  season.  This  is  not  from  my  own  inves- 
tigation, but  that  of  the  shipjiers.  They  took  several  refrigerator 
cars  of  the  same  series,  .so  that  a direct  comparison  of  results  could 
be  made,  loaded  them  with  fruit  in  the  citrus  districts,  placed  ice  in 
the  bunkers,  and  shipped  them,  stopping  at  various  stations  between 
the  regular  icing  stations,  between  San  Bernardino  and  Kansas  City. 
They  also  took  a couple  of  cars  and  precooled  them,  stopping  them 
at  the  same  icing  stations,  and  on  arrival  at  Kansas  City,  made  a 
note  of  the  diflference  in  amount  of  ice  required  on  the  cars  that 
they  precooled  and  those  that  were  not  precooled.  They  then  took 
another  batch  of  cars,  precooled  and  iced  them  at  San  Bernardino 
and  simply  entered  them  at  points  where  the  other  cars  were  iced,  to 
find  out  at  what  point  along  the  line,  over  i,(>oo  miles  from  San 
Bernardino  to  Kansas  City,  the  temperature  finally  equalized  be- 
tween the  car  that  was  precooled  and  iced  and  given  no  further  at- 
tention in  the  way  of  standard  refrigeration,  and  the  car  not  prim- 
arily precooled,  which  made  the  trip  under  standard  refrigeration. 
The  net  result  was  that  the  car  under  the  standard  refrigeration 
traveled  on  an  average  of  1,400  miles  before  the  temperature 
throughout  the  fruit  reached  the  same  temperature  that  the  car  pre- 
cooled and  iced  without  any  further  attention  would  reach.  In  other 
words,  they  had  equalized  at  a point  of  1,400  miles  from  loading 
station. 

That  means  to  the  shipper  and  to  the  railroad  company  an  ex- 
tension of  at  least  1,400  miles  of  the  safe  shipping  radius.  .After 
standard  refrigeration  was  applied,  there  was,  of  course,  little  dif- 
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ference  in  temperature,  even  after  it  reached  Chicago,  at  a distance 
of  2,100  miles,  a difference  of  two  or  three  degrees  in  favor  of  the 
precooled  car,  provided  it  had  been  given  standard  refrigeration 
reicing  all  the  way  through. 

Henry  Torrance. — That  is  48  degrees? 

C.  M.  Gay. — Yes,  between  43  and  48  degrees,  according  to  the 
season.  My  own  observation  and  practice  show  that  it  is  pretty 
nearly  as  easy  to  overcool  fruit  shipped  under  refrigeration  as  it 
is  to  undercool  it.  In  other  words,  if  you  go  very  far  below  stand- 
ard refrigeration  temperature,  the  tendency  is  to  precipitate  mois- 
ture on  the  fruit,  so  that  it  is  better  to  maintain  the  normal  carrying 
temperature  as  nearly  as  possible,  rather  than  try  to  reach  extreme 
temperatures. 

J.  H.  Beckman — What  is  the  advantage  of  using  the  brine  sys- 
tem, as  compared  to  the  direct  expansion  in  precooling? 

C.  .\r.  Gay — I am  glad  you  have  asked  that  question.  The  work 
of  precooling  is  necessarily  very  irregular  over  any  given  period. 

At  the  San  Bernardino  plant  frequently  thirty  cars  of  fruit  are 
thrown  on  the  precooling  circuit  at  once.  If  direct  expansion  is 
used,  the  maximum  heat  of  these  cars  is  felt  at  once  throughout  the 
precooling  system,  and  back  pressures  go  out  of  sight.  During  the 
first  hour  or  more  of  precooling  a complete  setting  of  cars  it  is  not 
unfrequent  to  take  10  degrees  to  ii  degrees  of  heat  out  of  the  fruit, 
while  in  the  fourth  hour  of  operation,  upon  the  same  line  of  cars,  an 
average  of  three  to  four  degrees’  gain  in  temperature  is  all  that  can 
be  accomplished. 

With  the  brine  system,  the  large  volume  of  brine  which  is  being 
circulated  takes  up  the  shock  of  the  first  hour  or  more  of  operation. 
When  the  operation  of  cooling  one  set  of  cars  is  finished,  the  ma- 
chines are  lowering  the  temperature  of  the  brine  and  running  along 
steadily  until  the  next  setting  is  completed.  In  this  manner  the  total 
refrigerating  capacity  of  the  plant  can  be  applied  to  precooling  with 
the  brine  tank  acting  as  an  equalizer,  storing  up  refrigeration  be- 
tween settings,  and  taking  up  the  sharp  heat  of  every  fresh  .setting 
of  cars  without  undue  interference  with  the  temperatures  and  condi- 
tions under  which  your  refrigerating  system  is  operating. 

In  my  paper  I have  described  the  requirements  and  equipment 
of  a plant  designed  for  the  precooling  of  oranges  and  fruits  in  loaded 
refrigerated  cars,  largely  from  a transportation  standpoint,  which 
without  doubt  would  be  the  standpoint  assumed  by  the  average 
shipper  situated  within  a reasonable  radius  of  the  railroad’s  pre- 
cooling center.  But  there  is  another  side  to  precooling  require- 
ments as  viewed  by  the  grower  and  shipper,  or  shipping  organiza- 
tion, who  have  their  own  packing  hoiuses  that  handle  several  hun- 
dred cars  of  fruit  each  season. 

In  this  case  the  shipper  wishes  to  secure  advantages  extend- 
ing beyond  the  preservation  of  fruit  and  longer  radius  of  shipment, 
that  is,  the  ability  to  hold  a considerable  quantity  of  fruit  after  pre- 
cooling, to  bridge  over  periods  of  overloaded  'market  at  the  con- 
sumers’ end  and  to  facilitate  shipments  during  rainy  periods  at  the 


Digitized  byGoogie 


46 


SAN  BERNARDINO  PRECOOUNG  PLANT 


growers’  end  of  tlie  line,  also  to  hold  a sufficient  stock  on  hand  at 
all  times  to  meet  buyers’  requirements  in  the  various  sizes  and 
grades  of  packed  fruit. 

Several  of  the  larger  units  of  the  shipping  organization  have 
installed  their  own  plants,  some  of  which  are  designed  only  for  cool- 
ing and  loading  fruit,  others  are  designed  for  cooling  and  loading 
the  fruit,  and  at  the  same  time  manufacturing  ice  and  furnishing 
icing  facilities  for  the  initial  icing  of  the  refrigerator  cars,  at  the 
packing  house  when  loaded. 

A short  description  of  the  largest  of  these  plants  recently  de- 
signed by  and  installed  under  the  direction  of  the  writer  may  be  of 
interest. 

On  February  i,  1915,  the  precooling  and  ice  making  plant  of 
the  La  Verne  Orange  Growers’  Association,  at  Lordsburg,  Cal.,  was 
put  in  operation.  This  plant  has  six  combined  precooling  and  storage 
rooms,  with  a guaranteed  capacity  of  cooling  3,000  boxes  of  oranges 
per  day  to  36  degrees.  The  holding  or  storage  capacity  of  the  plant 
is  56  cars,  or  about  si.x  days  run  of  maximum  packing. 

'I'hc  arrangement  of  this  house  is  such  that  the  packed  boxes 
are  transferred  to  the  precooling  rooms  by  gravity  conveyors,  with 
no  handling  from  the  time  packing  and  nailing  of  boxes  is  completed 
to  the  time  they  are  in  place  in  the  precooler  room.  While  being 
filled,  and  afterwards,  each  room  is  subjected  to  a cold  air  current 
controlled  by  graduated  openings.  The  air  current  is  usually  kept 
at  its  maximum  intensity  until  the  fruit  is  cooled  to  40  degrees  F., 
and  is  then  lessened  until  the  regular  storage  temperature  of  36  de- 
grees F'.  is  reached. 

In  loading  out  assorted  cars,  gravity  conveyors  are  again  em- 
ployed to  deliver  the  fruit  to  the  power  conveyor  and  elevator  ter- 
minating at  the  car. 

The  cold  air  circulation  is  so  arranged  and  controlled  that  there 
is  no  mingling  of  cold  and  warm  air  currents.  Thus,  the  warm  air 
strikes  no  cold  surface  to  deposit  moisture  until  it  reaches  the  coil 
chamber,  where  the  air  is  cooled  and  its  moisture  deposited  on  the 
coils. 

At  this  plant  a Xo.  8,  double-inlet  Sirocco  fan,  driven  by  10- 
horsepower  motor  moves  the  required  volume  of  air.  The  main  air 
ducts  are  concealed  beneath  the  floors  and  are  well  insulated  with 
corkboard.  The  connection  between  the  main  air  ducts  and  the 
openings  of  the  rooms  is  made  by  utilizing  a vertical  space  between 
the  studding  at  the  ends  of  the  room,  so  that  there  are  no  air  ducts 
in  the  way  at  any  point,  and  the  rooms  are  without  inside  projections 
to  baffle  the  air  currents. 

.\t  this  plant  the  provisions  for  thawing  off  frost  from  the  pipes 
are  the  same  as  those  at  the  Santa  Fe  railroad  precooler.  Outside 
air  is  admitted  through  an  opening  in  the  fan  suction  duct  and  after 
it  has  passed  over  the  frosted  surfaces  the  air  is  discharged  to  the 
atmosphere.  To  confine  the  moisture  the  entire  coil  chamber  is 
lined  with  galvanized  iron  on  ceiling,  walls  and  floor,  with  a drainage 
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to  the  sump.  From  here  the  water  may  be  diverted  to  the  condenser 
supply  or  to  the  sewer. 

A combined  ice  making  and  brine  cooling  tank  is  provided  to 
supply  brine  for  the  cooling  rooms  and  for  ice  production.  A one- 
day  storage  room  of  6o  tons  capacity,  and  a winter  ice  storage  house 
of  2,000  tons  capacity,  the  latter  a first-class  concrete  structure  with 
cork  insulation,  form  prominent  features  of  this  plant. 

The  ice  making  tank  has  a capacity  of  25  tons  per  day.  The 
refrigeration  for  the  whole  plant  is  furnished  by  a 70-ton  compres- 
sor driven  by  loo-horsepower,  two-speed  motor,  operating  the  com- 
pressor at  either  36  or  72  revolutions  per  minute,  which  feature  adds 
to  the  convenience  and  economy,  allowing  the  plant  to  be  operated 
at  half  capacity  in  the  early  and  late  weeks  of  the  season.  A cooling 
tower  for  re-cooling  the  condenser  water  reduces  the  water  expense 
to  a minimum.  One-fourth  of  the  output  of  the  freezing  tank  is 
clear,  raw  water — ice  intended  for  the  members  of  the  Association 
and  for  local  consumption. 

The  economical  and  profitable  showing  made  by  this  plant  dur- 
ing the  season  of  1915  prompted  the  growers  of  the  adjoining  dis- 
trict, known  as  the  Indian  Hills  Association,  to  install  a duplicate 
plant  on  their  grounds,  work  on  which  is  now  progressing,  and 
their  plant  will  be  in  operation  by  January  15,  1916. 

Both  of  the  plants  are  driven  by  hydro-electric  power  obtained 
from  public  service  corporations. 
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AMMONIA  CONDENSERS 

Reply  by  Fred  Ophuls  to  a criticism  of  his  paper  on  “Ammonia  Con- 
densers," read  at  the  Tenth  Annual  Meeting,  1914,  and  appearing  in  the 
November,  1914,  issue,  Volume  I,  No.  1,  of  the  A.  S.  R.  E.  Journal. 

The  following  is  a translation  of  the  review  on  the  above  paper,  which 
appeared  in  the  Zeitschrift  fur  die  ycsamtc  Kaclte-hidusirie.  July,  1915,  No.  7, 
page  76 : 

“The  author  has  conducted  a great  number  of  tests  on  eight  con- 
densers of  various  types  and  sizes  for  the  purpose  of  securing  data  to 
tind  the  law  which  governs  the  rate  of  heat  transfer  in  this  apparatus. 
The  article  is  very  well  written,  and  one  must  agree  with  the  statements 
made  regarding  the  conditions  obtaining  in  the  various  phases  of  a con- 
denser. Unfortunately,  an  error  has  crept  in  at  the  start  of  the  mathe- 
matical analysis  which  renders  the  results  useless.  Using  the  author’s 
notation,  the  following  equation  applies  to  the  heat  transfer  of  a 
i condenser: 

X X ^ni  ”1“  '*^1  ^ml  ^ml  "1”  ^rof 

^ If,  according  to  Ophiils, 


^m»  ”1“  "^1  ^Dil  '^r  ^nil 


it  does  not  follow  that  at  the  same  time 


“h  '^1  ^ml  "F  ^mf 


on  the  contrary,  is  to  be  derived  from  the  first  two  equations. 

“We  regret  that  the  data  submitted  are  not  complete  enough  to 
permit  correcting  the  results  of  the  investigation. — M.  Krause.” 

The  impression  received  from  the  above  review  is  that  the  results  obtained 
from  the  test  figures  are  incorrect  and  need  recalculation.  However,  this  is 
not  the  case,  for  either  one  of  the  last  two  equations  can  be  used  in  the 
analysis  in  connection  with  the  basic  equation. 

On  checking  up  the  calculations  for  the  values  of  ^’n„  which  are  given  for 
some  of  the  tests  in  Tables  5 and  6,  it  will  be  found  that  only  the  equation 
giving  the  value  of  was  used.  Equation  7 shows  how  the  value  of  can 
be  found  from  the  test  results  without  finding  any  value  for  t,„.  It  will  also 
he  noted  that  in  no  part  of  the  paper  the  combined  mean  temperature  differ- 
ence was  used.  For  this  reason  it  would  be  better  to  eliminate  equation  5 
from  the  paper,  or  else  add  this  explanation  to  make  clearer  the  method  of 
analysis  used. 

I am  greatly  obliged  to  Mr.  Krause  for  having  called  attention  to  this 
discrepancy,  but  his  conclusion  that  the  calculations  are  incorrect  on  thif 
account  is  wrong  for  the  reasons  above  stated. — Fred  Ophuls. 
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PROCEEDINGS 

Eleventh  Annual  Meeting 

The  American  Society  of  Refrigerating 

Engineers 

NEW  YORK,  N.  Y.,  DECEMBER  (i,  7 AND  8,  19ir> 

The  American  Society  of  Refrigerating  Engineers  held  its 
Eleventh  Annual  Meeting  in  the  Ihhted  Engineering  Society  lUiild- 
ing,  29  West  39th  street,  New  York,  X,  Y.,  on  Monday,  Tuesday 
and  Wednesday,  December  6,  7 and  8,  1915.  Six  sessions  were 
held,  Monday  morning,  afternoon  and  evening,  Tuesday  morning 
and  afternoon  and  Wednesday  morning,  all  being  called  to  order 
and  presided  over  bv  President  Louis  K.  Doelling,  Xew  York, 
X.  Y. 

This  was  the  most  successful  meeting  in  the  history  of  the 
Society.  The  attendance  was  188  members  and  guests.  Xineteen 
papers  of  unusual  interest  and  value  were  i)resented.  The  large 
number  of  papers  and  important  matters  tliat  came  before  this 
meeting  of  the  Society  necessitated  continuing  the  meeting  until 
late  in  the  afternoon  of  the  third  day. 

First  Session,  Monday  Morning,  December  6 

'i'he  first  .session  of  the  meeting  was  called  to  order  at  about 
10  o’clock  on  Monday  morning,  December  6,  and,  as  more  than  a 
quorum  for  the  transaction  of  business  was  present.  President 
Doelling  announced  that  the  meeting  was  open  for  the  business 
before  it. 

As  all  members  and  guests  had  registered,  the  calling  of  the 
roll  was  dispensed  with,  as  was  also  the  reading  of  the  minutes  of 
the  Tenth  Annual  ]^Ieeting  and  the  Eourth  W'estern  Meeting,  as 
they  had  been  printed  in  the  A.  S.  R.  E.  Journal, 

The  report  of  The  Council  was  the  next  order  of  business. 
It  is  as  follows: 

REPORT  OF  THE  COUNCIL 

The  Finance  Committee  report  shows  all  of  the  receipts  and  disbursements 
of  the  Society  during  the  year.  It  is  as  follows: 

RkPOKT  ok  FiN’AXCK  CoMMlTTKE 

Nfav  York,  X.  Y.,  December  4,  1915. 

Mr.  Louis  K,  Doelling,  President, 

The  American  Society  of  Refrigerating  Engineers. 

154  Nassau  Street,  New  ^’ork,  X.  Y. 

Dear  Sir: 

Y'our  Finance  Committee  begs  to  report  the  following  receipts  and  dis- 
bursements from  November  28.  1914,  to  I')ecember  4,  1915: 
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Balance  on  hand  November  28,  1914 

RECEIPTS 

Dues  

Initiation  fees  

Emblems  

Transactions,  reprints,  etc 

Dinners  

Telephone 


The  Journal — 

Advertising $2,114.61 

Subscriptions,  etc 212.01 


$4,370.12 

185.00 

36.00 

223.18 

317.50 

29.53 


2,326.62 


$201.89 


7487.95 


DISIURSEMENTS 

General  printing  

Emblems  

Dinner  and  luncheons 

Rents 

Salaries 

Library,  office  equipment,  etc 

'I'elephone 

Petty  cash ^ 

.\merican  Association  of  Refrigeration 

International  Engineering  Congress 

Premium  on  Treasurer’s  Bond — 

Stenographic  report.  Fourth  Western  Meeting.. 
Stenographic  report,  Tenth  Annual  Meeting... 
W.  H.  Ross,  expenses,  Fourth  Western  Meeting 
Miscellaneous 

The  Journal — 

Composition,  press  work,  binding. 


wrapping,  paper $1,590.50 

Illustrations 582.79 

Binders 297.01 

Mailing  boxes  for  binders 10.54 

Wrappers  for  The  Journal 18.94 


$7,689.84 


$554.25 

29.25 

592.70 

637.58 

2,272.51 

57.90 

66.99 

512.40 

10.00 
1500 

2.50 

60.00 
115.00 
234.80 

10.00 


2,499.78  7,670.66 


Balance  on  hand  $19.18 

Respectfully  submitted, 

(Signed)  Theo.  O.  Vilter,  Chairman. 
(Signed)  Geo.  A.  Horne,  Treasurer. 

The  Council  held  three  executive  sessions  during  the  past  year,  with  your 
President  presiding  at  each  meeting.  The  dates  on  which  and  places  where 
these  meetings  were  held  are  as  follows : 


January  29,  1915,  at  New  York,  N.  Y. 

-August  12,  1915,  at  New  York.  N.  Y. 

November  3,  1915,  at  New  York,  N.  Y. 

The  Council  respectfully  presents  herewith  a report  of  the  business 
tran.sacted  at  its  meetings,  along  with  other  matters  that  should  be  of  interest 
to  the  membership. 

-At  the  January  meeting,  W.  H.  Ross  was  reappointed  Secretary  of  the 
Society  for  another  year,  subject  to  the  wishes  of  The  Council,  and  on  the 
conditions  of  contract  of  emplojTTient  dated  November  2,  1914. 

At  the  January  meeting  an  appropriation  of  $550  was  made  to  cover  the 
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rent  of  the  Society’s  office  for  the  year  1915,  as  well  as  an  appropriation  of 
$390  for  part  services  of  an  office  stenographer. 

The  Year  Book  for  1915,  of  which  500  copies  were  printed,  contained  two 
lists  of  the  members,  one  arranged  alphabetically  and  the  other  geographically, 
in  addition  to  other  matter  that  has  not  appeared  before  in  the  Year  Book. 
One  copy  was  mailed  to  each  member  and  the  remaining  copies  were  used  to 
promote  the  membership  of  the  Society. 

At  the  January  meeting,  Ex-President  Torrance  was  appointed  a Director 
to  !ill  the  unexpired  term  of  Ezra  Frick,  who  resigned  to  accept  the  Vice- 
Presidency  of  the  Society,  and  at  the  August  meeting  George  H.  Geisler, 
Oakland,  Cal.,  was  appointed  a Director  until  the  annual  meeting  of  1915, 
vice  A.  P.  Criswell,  deceased. 

At  the  January  meeting  the  prices  per  year  for  a subscription  to  the 
A.  S.  R.  E.  Journal  was  set  as  follows : 

Members  of  the  Society  in  all  countries,  $3.00  per  year. 

Xon-members  in  the  United  States  and  dependencies,  $3.00  per  year; 
foreign  countries  in  the  postal  union,  $4.00  per  year. 

Arrangements  have  been  made  with  the  postal  authorities  for  the  ad- 
mission of  the  A.  S.  R.  E,  Journal  as  second-class  matter,  providing  the 
following  words  are  added  to  Section  C 17  of  our  Constitution,  immediately 
following  the  last  word  of  paragraph  4 of  this  section.  Paragraph  4 now 
reads : 

“The  annual  dues  for  membership  shall  be  as  follows” : 

The  postal  authorities  suggest  that  it  read: 

“The  annual  dues  for  membership  shall  be  as  follows,  including  $3.00  for 
a subscription  to  the  A.  S.  R.  E.  Journal  for  one  year” : 

To  overcome  the  charge  by  the  postal  authorities  for  handling  the 
A.  S.  R.  E.  Journal  at  the  third-class  and  parcels  post  rates,  and  that  we  may 
secure  the  cent  a pound  rate  charged  for  second-class  matter,  it  will  be  neces- 
sary, if  these  rates  are  to  be  secured  now,  as  well  as. on  the  last  five  editions 
of  The  Journal,  to  suspend  by  motion  the  Constitution  and  amend  this  section, 
instead  of  proceeding  in  the  usual  manner.  We  trust  such  action  can  be  taken 
at  this  meeting,  as  it  will  .save  the  Society  about  $100  a year  in  postage,  in 
addition  to  about  $50  now  on  deposit. 

It  is  apparent  that  The  Journal,  with  binder,  is  a great  improvement  over 
our  Tran.saction.s.  The  Society  and  membership  are  better  able  to  keep  in 
touch  with  each  other  through  The  Journal  than  was  possible  through  the 
Transactions.  So  far  not  a single  member  has  indicated  a preference  for  the 
Transactions. 

It  is  pleasing  to  note  from  the  report  of  the  Finance  Committee  that  The 
Journal  is  already  self-supporting,  and  in  a year  or  two  should  bring  an 
additional  revenue  to  the  Society,  although  it  is  not  the  purpose  of  The 
Council  to  compete  in  any  way  for  advertising  patronage  to  the  exclusion  of 
our  trade  publications,  which  have  so  generously  cooperated  with  us  in  the 
development  of  the  Society. 

In  addition  to  the  standing  and  regular  committees  your  President  has 
made  the  following  additional  appointments  during  the  year : 

N.  H.  Hiller.  Carbondale,  Pa.,  was  appointed  to  represent  the  Society  at 
the  Second  Pan-American  Scientific  Congress  to  be  held  in  Washington.  D.  C., 
on  December  27,  1915,  to  January  8,  1916. 
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Tellers  of  Election  of  Officers: 

John  R.  Livezey,  Chainnau,  Philadelphia,  Pa. 

Donald  Cole,  Detroit.  Mich. 

Nelson  J.  Waite,  Cleveland,  Ohio. 

Frederick  L.  Pryor,  llohoken,  N.  J.,  was  apixdnted  to  represent  the  Society 
at  a meeting  of  the  Joint  Committee  on  Classification  of  rechnical  Literature. 

The  ^lembership  Committee  presented  a|)plications  for  membership  from 
ihe  following,  and  they  were  approved  in  the  grades  indicated: 

MEMBERS 

J.  L.  Baker,  Omaha,  Neb. 

Charles  W.  Berry,  Boston,  Mass. 

Ralph  W.  Bowers,  Waynesboro,  Pa. 

Frederick  T.  Brandt,  York,  Pa. 

Charles  I.  Day,  Jacksonville.  Fla. 

H.  C.  Dickinson,  Washington,  D.  C. 

William  Fi.  Mosher,  W'ashington,  D.  C. 

Eric  H.  Peterson,  Detroit.  Mich. 

George  B.  Stacy,  San  F'rancisco,  Cal. 

Edgar  Steiner,  St.  I-ouis,  Mo. 

F’.  A.  Wilcox,  Dartford,  Kent,  Fhigland. 

William  J,  Bodine,  Springfield,  Mo. 

ASSOCT  ATE  M E M BERS 

C.  Thomas  Baker,  Jacksonville,  F'la. 

E.  F'.  Canfield,  Winona,  Minn. 

Z.  U.  Dodge,  New  York,  N.  Y. 

S.  T.  Mc.A.dam,  Pensacola,  Fla. 

James  Malcolm  May,  Wellington,  N.  Z. 

George  W.  Mitchell,  St.  Louis,  Mo. 

Douglass  F\  O’Brien,  Jr.,  Chicago,  111. 

Alan  K.  Gillespie,  St.  Louis,  Mo. 

Harry  Hammond,  .^le.xandria,  Va. 

Carl  Nessler,  Texas  City,  Tex. 

JUNIOR  MEMBERS 

Walter  Jones,  New  Brunswick,  N.  J. 

Harry  C.  Bruce,  St.  Louis,  Mo. 

Karl  C.  Dieterle,  Los  Angeles,  Cal. 

F'rank  B.  Higgins,  Canton,  Ohio. 

Stewart  FI  Lauer,  York,  Pa. 

Stiles  O.  Lokey,  .Atlanta,  Ga. 

F'.  D.  Petersen.  Philadelphia.  Pa. 

Henry  R.  Rosebro,  Jacksonville,  F'la. 

Guy  V.  d'hompson.  Portsmouth,  Ohio. 

Carl  J.  Weaver,  Canton,  Ohio. 

CHANGE  OF  GRADE  OF  MEMBERSHIP  FROM  JU.NIOR  MEMBER  TO  MEMBE:K 

Carl  E.  Hoffman,  Houston,  Tex. 

The  resignations  of  the  following  members  have  been  accepted  with 
regret : 

J.  Lathroi)  Gray,  St.  Louis,  Mo. 

D.  L.  F'agnan,  New  York,  N.  Y. 

George  W.  Wright,  Baltimore,  Md. 

George  Berna,  Ithaca.  N.  Y. 

H.  M.  Moore,  Des  Moines,  la. 

Samuel  R.  F'rantz,  Waynesboro,  Pa. 

J.  Spinka,  St.  Louis,  Mo. 

J.  C.  Bertsch,  New  York.  N.  Y. 

T.  Takahaski,  Tokio,  Japan. 
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The  Council  reprets  to  report  the  death  of  the  following  members  during 
the  past  year,  and  it  hopes  suitable  resolutions  will  be  offered  on  their  life 
work  during  this  meeting: 

A.  P.  Criswell.  Chicago,  111. 

Benjamin  F.  Daly,  Rockaway  Beach,  N.  V. 

James  Edwin  Quigley,  Pittsburgh,  Pa. 

William  J.  Webber,  Boston,  Mass. 

Mr.  Crisw'cll  was  a Director  of  the  Society  at  the  time  of  his  death,  and 
your  President  fitly  remembered  his  services  to  tlic  Society  by  sending  a 
floral  tribute  as  an  e.xpression  of  the  esteem  in  which  he  was  held  by  tlie 
Society. 

.Another  pioneer  in  the  refrigerating  field,  Thomas  L.  Rankin,  passed 
into  the  Great  Beyond  during  the  past  year.  Mr.  Rankin  was  born  in  Ohio 
on  June  i6,  1839,  and  died  at  his  home  at  Sacket  Harbor,  X,  Y.,  on  X’ovember 
12,  1915.  With  the  early  history  of  refrigeration  in  the  United  States  the  name 
of  Thomas  L.  Rankin  was  closely  associated,  and  the  effect  of  his  natural 
trait  of  investigation  and  invention  is  still  felt  in  the  industry  to  which  he 
gave  so  many  years  of  his  life. 

A suggestion  has  been  made  to  hold  our  annual  meetings  in  some  hotel  and 
save  the  expense  of  meeting  rooms  in  the  United  Engineering  Society  Build- 
ing. This  matter  has  received  the  attention  of  The  Council,  and  it  feels  it  is 
best  to  hold  the  meetings  in  the  United  Engineering  Society  Building.  The 
charge  for  meeting  rooms  in  this  building  costs  us  from  $50  to  $75.  and  this 
year  it  will  be  a little  more.  However,  an  expression  from  the  membership 
on  this  question  at  this  meeting  w'ould  be  welcomed  by  The  Council. 

Other  suggestions  have  been  the  placing  of  a time  limit  on  presentation 
of  papers,  as  well  as  discussions,  and  that  more  time  be  allowed  for  dis- 
cussion of  papers  and  topics  by  either  reducing  the  number  of  papers  pre- 
sented or  that  more  sessions  be  held.  I'liese  suggestions  have  been  referred 
to  the  Program  Committee  with  power  to  act,  and  the  Program  Committee 
reports  that  these  suggestions  were  considered  in  making  up  the  program  for 
this  meeting. 

The  Council  is  always  pleased  to  receive  suggestions  from  the  member- 
ship, and  the  more  the  better,  as  this  indicates  an  increased  interest  by  the 
membership  in  the  Society  and  its  management.  Every  suggestion  receives 
careful  and  courteous  consideration. 

The  Council  has  endorsed  the  movement  launched  by  the  .American  .Asso- 
ciation for  the  Adoption  of  the  Metric  System,  to  educate  the  .American  public 
in  the  advantages  of  the  metric  system  of  weights  and  measures  and  to  e.xtend 
its  iLses  in  the  United  States.  The  Council  feels  that  the  metric  system,  by 
universal  adoption,  will  afford  the  peoples  of  all  nations  a better  means  of 
communication,  particularly  of  engineering  data,  than  that  of  any  other 
system  proposed. 

A number  of  volumes  have  been  added  to  the  Society  library  during  the 
past  year.  The  Secretary’s  office  is  arranging  to  prepare  a list  of  publica- 
tions. etc.,  contained  in  the  library,  and  this  will  be  printed  in  an  early  issue 
of  The  Journal. 

Files  of  the  .A.  S.  R.  E.  Journal  have  been  placed  in  the  libraries  of  the 
following  institutions  and  publications  during  the  past  year: 
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American  Society  of  Civil  Engineers,  New  York,  X.  V. 

Franklin  Institute,  Philadelphia,  Pa. 

University  of  Pennsylvania,  Philadelphia,  Pa. 

Columbia  University,  New  York,  X.  Y. 

St.  Louis  Public  Library,  St.  Louis,  Mo. 

American  Society  of  Heating  and  Ventilating  Engineers,  New 
York,  X.  Y. 

Bulletin  of  the  Russian  Refrigeration  Committee,  Petrograd, 
Russia. 

Zeitschrift  fur  Eis  und  Kalte-Industrie,  Vienna,  Austria. 

Zeitschrift  fur  die  gesamte  Kalte  Industrie,  Munich,  Germany. 

Armour  Institute  of  Technology,  Chicago,  111. 

Ohio  State  University,  Columbus,  Ohio. 

University  of  Kansas,  Lawrence,  Kan. 

Our  Fourth  Western  Meeting,  in  San  Francisco,  Cal.,  on  September  23 
and  24.  as  a joint  meeting  with  the  American  Association  of  Refrigeration, 
was  not  very  largely  attended,  altliough  about  fifty  members  and  guests  were 
in  attendance,  and  it  resulted  in  interesting  refrigerating  engineers  on  the 
Pacific  Coast  in  the  work  of  the  Societ.v,  the  primary  object  of  holding  the 
meeting  in  San  Francisco.  Several  applications  for  membership  from  re- 
frigerating engineers  on  the  Pacific  Coast  have  been  received  and  others  are 
expected. 

On  invitation  of  the  officials  of  the  International  Engineering  Congress, 
to  name  some  one  to  preside  over  its  section  on  refrigeration,  your  President 
was  pleased  to  appoint  our  Vice-President,  Theodore  O.  Vilter,  Milwaukee, 
Wis.,  to  fill  this  honored  position. 

The  Secretary  has  been  instructed  to  extend  a discount  of  10  per  cent 
on  subscriptions  to  the  A.  S.  R.  E.  Journal  received  from  publishers,  sub- 
scription agents  and  book  sellers. 

Respectfully  submitted, 

(Signed)  Louis  Doelling,  President. 

A motion  prevailed  accepting  the  rei)ort  of  The  Council  as 
submitted. 

In  referring  to  the  report  of  the  Finance  Committee,  showing 
the  favorable  financial  conditions  of  the  Society,  President  Doel- 
ling requested  all  members  who  had  not  j)aid  their  dues  to  try  to  do 
so  as  promptly  as  possible,  that  the  work  of  the  Society  may  not 
be  handicapped  in  any  way. 

Suggestions  followed  as  to  the  manner  of  collecting  the  dues 
from  the  few  delinquent  members,  and  on  motion  of  Nelson  J. 
Waite,  which  was  seconded  and  carried,  the  Secretary  was  in- 
structed to  enclose  with  bills  to  delinquent  members  a reprint  of 
paragraph  C i8  of  the  Constitution,  relating  to  suspensions  and 
expulsions. 

The  report  of  the  Tellers  of  Election  of  Members  was  now  in 
order.  It  is  as  follows : 

REPORT  OF  TELLERS  OF  ELECTION  OF  MEMBERS 

New  York,  N.  Y.,  December  3,  1915. 

Mr.  Louis  K.  Doelling.  President. 

The  American  Society  of  Refrigerating  Engineers. 

154  Nassau  Street,  New  York,  N.  Y. 

De.\r  Sir: 

Your  Tellers  of  Election  of  Members  beg  to  report  that  they  met  on  the 
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afternoon  of  December  3,  1915,  and  canvassed  the  ballots  for  new  members 
closing  December  2,  1915. 

One  hundred  and  thirty-one  ballots  were  cast,  five  of  which  were  void. 
We  find  that  the  following  have  been  elected  to  membership  in  the  grades 
indicated : 

MEMBERS 

William  I.  Bodine,  Springfield,  Mo. 


ASSOCIATE  MEMBERS 

Alan  K.  Gillespie,  St.  Louis,  Mo. 

Harry  Hammond,  Alexandria,  Va. 

Carl  Xessler,  Texas  City,  Tex. 

JUNIOR  ME.MBERS 

Walter  Jones,  New  Brunswick,  N.  J. 

CHANGE  OF  GRADE  OF  MEMBERSHIP  FRO.M  JUNIOR  MEMBER  TO  MEMBER 

Carl  E.  Hoffman,  Houston,  Tex. 

Respectfully  submitted. 

Tellers  of  Election  of  Members 

(Signed)  W.  D.  Monks,  Chairman. 

Peter  Binzel,  Jr. 

Jean  Neubecker. 

President  Doelling  formally  accepted  the  successful  applicants 
as  members  of  the  Society  in  their  respective  grades. 

The  reports  of  committees  were  next  in  order,  and  they  were 
in  substance  as  follows : 

Committee  on  Suggesting  a Standard  Tonnage  Basis  of  Re- 
frigeration and  Standard  Method  of  Testing  Refrigerating  Ma- 
chinery, to  act  jointly  with  a similar  committee  of  the  .American 
Society  of  Mechanical  Engineers — F.  E.  Matthews,  secretary  of 
the  committee,  re])orted  that  Dr.  Jacobus,  its  chairman,  had  been  .so 
occupied  with  other  matters  during  the  past  year  that  he  was  not 
able  to  continue  the  work  of  the  committee,  lie  further  stated  that 
he  hoped  to  be  able  to  make  a more  favorable  report  at  the  next 
annual  meeting. 

Committee  on  Standardization  of  .Ammonia  Fittings — The  re- 
port was  made  by  its  chairman.  Thomas  Shi])ley.  He  reported  as 
follows:  “.-\s  chairman  of  the  Committee  on  the  Standardization  of 
.Ammonia  Fittings,  will  say  that  I can  report  progress.  This  ap- 
parent lack  of  interest  is  the  result  of  an  agreement  between  prac- 
tically the  entire  committee,  as  it  is  their  belief  that  the  time  for  the 
stamlardization  of  ammonia  fittings  has  not  yet  arrived.’’ 

Committee  to  Suggest  Methods  and  IVomote  the  Testing  of 
In.sulating  Materials — In  reply  to  a rc(|uest  for  a report  from  the 
Committee  to  Suggest  Methods  and  Promote  the  Testing  of  In- 
sulating Materials,  its  chairman,  F.  F.  Matthews,  submitted  the 
following : 

'I'he  Committee  to  Suggest  Methods  and  Promote  the  Testing  of  Insulat- 
ing Materials  does  not  feel  that  it  has  as  yet  accomplished  anything  worthy  of 
the  name  of  a formal  report.  We  prefer,  therefore,  that  what  we  have  to 
say  be  considered  as  discussion. 

Your  Committee,  which  it  has  been  suggested  might  be  known  .simply 
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as  the  ‘‘Insulation  Committee,”  was  appointed  in  1913  as  a result  of  the 
general  unsatisfactory  condition  of  the  technologj^  of  the  art.  There  has 
been  a decided  lack  of  accuracy  in  nomenclature,  as  well  as  lack  of  agree- 
ment in  the  results  of  experimental  work,  the  latter  due  probably  to  diver- 
sity of  methods  employed. 

Results  of  research  mean  nothing  without  either  a knowledge  of  all  the 
conditions  under  which  they  were  obtained  or  knowledge  that  they  were 
obtained  under  some  known  standard  conditions  governing  other  determina- 
tions of  the  same  kind,  with  which  results  are  to  be  compared.  In  consid- 
eration of  the  difficulty,  and  frequently  the  impossibility,  of  so  interpreting 
the  results  of  one  set  of  tests  as  to  make  them  directly  conqTarable  with 
another,  it  would  appear  advisalde  to  adopt  some  standard  method  for  con- 
ducting such  tests. 

'I'he  recommendation  of  such  a method,  together  with  a specification  of 
conditions  under  which  the  tests  should  l)c  conducted,  is  a matter  of  so  great 
importance  that  your  Committee  does  not  feel  that  it  has  as  yet  given  the 
matter  sufficient  study  to  warrant  definite  recommendations.  It  hopes,  how- 
ever, to  be  able  to  gain  the  co-operation  of  the  various  investigators,  so  that 
such  methods  and  conditions  may  be  devised  as  will  be  satisfactory  to  both 
the  experimenter  and  the  engineer,  the  manufacturer  and  the  consumer. 
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It  is  thought  that  the  question  of  nomenclature  might  be  cleared  up  to 
some  extent  by  considering  insulation  to  be  the  total  barrier  to  heat  flow, 
comprising  the  aggregate  of  all  the  insulation  components  entering  into  its 
construction;  the  insulation  components  comprising  all  the  substances  resist- 
ing the  flow  of  heat  entering  into  the  construction  of  insulation,  including 
those  materials  against  which  the  insulation  component  proper  is  secured, 
by  which  it  is  secured,  and  with  which  it  is  finished,  as  shown  in  Fig.  i. 

This  suggestion  may  appear  revolutionary,  but  as  all  building  materials 
are  more  or  less  imperfect  conductors  of  heat,  there  seems  to  be  no  suit- 
able place  to  draw  the  line  between  the  better  conductors  and  the  poorer, 
which  have  heretofore  been  referred  to  as  insulation.  Hollow  tile,  for  ex- 
ample, under  our  present  mode  of  thinking,  might  or  might  not  be  con- 
sidered an  insulating  material,  although  its  presence,  which  we  now  sug- 
gest calling  an  insulation  component,  imiwses  considerable  resistance  to  heat 
flow. 

It  seems  further  advisable  to  emphasize  the  distinction  already  made, 
but  not  always  observed,  between  the  heat  transmission  and  heat  conduction. 
The  heat  transmission  value  of  insulation  is  the  total  quantity  of  heat  that 
will  pass  by  radiation,  convection  and  conduction  through  a unit  area  per 
degree  difference  in  temperature  per  24  hours,  temperature  differences  to 
be  taken  in  the  air. 

Heat  conductivity  of  an  insulation  component  is  the  amount  of  heat  that 
will  pass  by  conduction  only  through  a unit  area  of  the  insulation  component 
of  a unit  thickness,  per  degree  difference  in  temperature  per  24  hours,  the 
tcmj>erature  difference  to  be  taken  at  the  surface  of  the  sample  under  test. 

Your  Committee  believes  the  recognition  of  the  applicability  of  certain 
established  physical  laws  to  the  flow  of  heat  by  radiation,  convection  and 
conduction  through  insulation  and  insulation  components  used  in  cold  stor- 
age work  to  be  fundamental  to  the  work  on  hand. 

For  calculating  the  heat  conduction,  Qc,  of  insulation  consisting  of  more 
than  one  layer  of  insulation  components  of  known  conductivities,  the  Com- 
mittee recommends  the  use  of  an  expression  of  the  form  of 


T Ri  — T Ks 


that  is, 

^Conducted  Iicaf^  ^ Temperature  of  the  wanner  surface)  — 

((</,)  Thickness  of  first  component 
(ci)  Conductivity  of  first  component 
— ( Temperature  of  cooler  surface) 


+ 


( 


(do)  Thickness  of  ,sccon<l  component 
(c»)  Conductivity  of  second  component 


(ds)  Thickness  of  third  component 
(c-j)  Conductivity  of  third  component 


) 


from  which  the  heat  conduction  per  degree  difference  in  temperature,  per 
unit  area,  per  unit  thickness,  per  unit  of  time  is 

T rfi  d"  da 

Qe  Cl  Cz  Cs 


Digitized  byGoogie 


6o 


PROCEEDINGS  OF  THE  ELEVENTH  ANNUAL  MEETING 


in  which  if  the  tf’s  represent  thicknesses  in  inches  of  the  various  samples 
and  f’s  the  respective  B.  t.  u.  heat  conductions  of  samples  one  inch  thick, 
per  square  foot,  per  Fahr.  degree  difference  in  temperature  per  twenty-four 

I 

hours,  Q will  be  expressed  in  B.  t.  u.  and  , the  reciprocal  of  the  heat 

conduction,  will  represent  resistance,  the  measure  of  effectiveness  of  the 
insulation. 

The  heat  trausmission  of  the  insulation,  Qt,  which  takes  place  by  con- 
duction, convection  and  radiation,  is 


Q^=. 


d\  di  djt 

- + + -f 

a Cl  C2  <'» 


t) 


that  is, 

/Transmitted  heat\  

^ iQi)  ) - 


(.(Ti)  Temperature  of  warm  air)  — 


/ (<fi)  Heat  convection  \ 
\ plus  radiation  / 


((d\)  Thickness  of  first  component 
(ci)  Conductivity  of  first  component 


) 


— ((7a)  Temperature  of  cooler  air) 


((rfa)  Thickness  of  second  comimnent  \ 1 

I 4-  . . — 

(cs)  Conductiviay  of  second  component  / / («e)  Heat  convection  \ 

V plus  radiation  / 

from  which  the  heat  transmission  per  Fahr.  degree  difference  in  temperature, 
per  square  foot  area,  per  inch  of  thickness,  per  24  hours  is 


The  relation  between  these  two  equations  can  be  seen  by  reference  to  Fig.  i. 
Committee  to  Secure  Additional  Appropriation  from  Congress 
to  Enable  the  Bureau  of  Standards  to  Continue  Its  Investigations 
of  Refrigeration  Problems — Theodore  O.  Vilter,  its  chairman,  re- 
ported than  an  additional  appropriation  of  $15,000  had  been  secured 
from  Congress  in  December,  1914. 

Committee  on  Revision  of  Constitution  and  By-Laws — The  re- 
port was  made  by  it.^  chairman,  L.  Howard  Jenks.  It  is  as  follows: 

New  York,  N.  Y.,  August  4,  1915. 

Mr.  Louis  Doelling,  President, 

The  American  Society  of  Refrigerating  Engineers, 

154  Nassau  Street, 

New  York.  N.  Y. 

Dear  Sir: 

The  Revision  of  Constitution  and  By-Lavvs  Committee  begs  to  report 
that  it  met  on  the  afternoon  of  August  4,  1915.  and  considered  the  suggestions 
for  additions,  enlargements  and  eliminations  to  the  provisions  of  our  Con- 
stitution and  By-Laws  and  we  submit  herewith  a revised  Constitution  and 
By-Laws. 

(IVords,  paragraphs  and  sections  in  italics  are  new  matter,  and  words 
and  paragraphs  in  parentheses  are  to  be  deleted.) 
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CONSTITUTION 

NAME.  OBJECT  AND  GOVERNMENT 

C I.  The  title  of  this  Society  shall  be  “The  American  Society  of  Refrig- 
erating Engineers.” 

C 2.  The  object  of  this  Society  is  to  promote  the  Arts  and  Sciences  con- 
nected with  Refrigerating  Engineering. 

C 3.  The  principal  means  for  this  purpose  shall  be  the  holding  of  meet- 
ings for  the  reading  and  discussion  of  appropriate  papers,  and  for  social 
intercourse : the  publication  and  distribution  of  its  papers  and  discussions ; 
and  the  maintenance  of  a library  of  data  on  refrigeration. 

C 4.  The  Society  shall  be  governed  by  this  Constitution  and  by  By-Laws 
and  Rules  in  harmony  therewith. 

C 5.  The  Society  shall  be  organized  as  a Corporation  under  the  Laws 
of  the  State  of  New  York. 


MEMBERSHIP 

C 6.  Persons  connected  with  the  Arts  and  Sciences  relating  to  Refriger- 
ating Engineering  may  be  eligible  for  admission  into  the  Society. 

C 7.  The  membership  of  the  Society  shall  consist  of  Honorary  Mem- 
bers, Members,  .A.ssociates  and  Juniors.  Honorary  Members,  Members  and 
Associates  are  entitled  to  vote  and  to  hold  office.  Juniors  shall  not  be  en- 
titled to  vote  nor  to  be  officers  of  the  Society,  but  shall  be  entitled  to  the  other 
privileges  of  membership. 

C 8.  Honorary  Members,  Members  and  .\ssociates  are  entitled  to  vote 
on  all  (juestions  before  any  meeting  of  the  Society,  in  person  or  by  proxy, 
given  to  a voting  member  in  writing.  A proxy  .shall  not  be  valid  for  a greater 
time  than  six  months. 

C 9.  An  Honorary  Member  shall  be  a person  of  acknowledged  profes- 
sional eminence.  The  number  of  Honorary  Members  shall  not  e.reeed  five 
at  any  time. 

C 10.  (9.)  A Member  shall  be  twenty-six  years  of  age  or  over.  He 

miLst  have  been  so  connected  with  Refrigerating  Engineering  as  to  be  com- 
petent as  a designer  or  as  a constructor,  to  take  responsible  charge  of  work 
in  his  branch  of  Refrigerating  Engineering,  or  he  must  have  served  as  a 
teacher  of  Refrigerating  Engineering  for  more  than  five  years. 

C II.  ( C.  10.)  .A.n  Associate  .shall  be  twenty-six  years  of  age  or  over 
and  shall  be  so  connected  with  Refrigerating  Engineering  as  to  be  compe- 
tent to  take  charge  of  engineering  work,  or  to  co-operate  with  Refrigerating 
Engineers. 

C I (C  II.)  A Junior  shall  be  twenty-one  years  of  age  or  over.  He 
must  have  had  such  Refrigerating  Engineering  experience  as  will  enable  him 
to  fill  a responsible  subordinate  position  in  Refrigerating  Engineering  work, 
or  he  must  be  a graduate  of  an  engineering  school. 

C IS-  (C  12.)  The  rights  and  privileges  of  every  Honorary  Member, 
Member,  .\ssociate  and  Junior  shall  be  per.sonal  to  himself,  and  shall  not  be 
transferable  or  transmissible  by  his  own  act  or  by  operation  of  law. 

ADMISSION 

C /./.  Honorary  Members  shall  be  nominated  by  at  least  ten  Members 
of  the  Society.  The  grounds  upon  which  the  nomination  is  made  shall  be 
presented  to  The  Council  in  uniting. 

C IS-  (C  13.)  .Ml  applications  for  membership  as  Member,  Associate 
or  Junior  shall  be  presented  to  The  Council,  which  shall  consider  and  act 
upon  each  application,  assigning  each  approved  applicant  to  the  classification 
to  which,  in  the  judgment  of  The  Council,  he  is  entitled.  The  name  of  each 
candidate  thus  approved  by  The  Council  shall,  unless  objection  is  made  by 
the  applicant,  be  submitted  to  the  voting  meml>ership  for  election  by  means 
of  a letter  ballot. 

C 16.  (C  14.)  .Associates  or  Juniors  desiring  to  change  their  grade  of 
meml)ership  shall  make  application  to  The  Council  in  the  same  manner  as  is 
required  in  the  case  of  a new  applicant. 
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C ly.  (C  15.)  Election  to  inenihcrship  shall  he  by  a sealed  letter  ballot 
as  the  By-Laws  shall  provide.  AdveiHe  votes  to  the  number  of  four  per  cent, 
of  the  votes  cast  shall  be  reijuired  to  defeat  the  election  of  an  applicant. 

C i8.  (C  16.)  Each  jierson  elected  shall  subscribe  to  this  Constitution, 
and  shall  pay  the  initiation  fee  before  he  can  be  entitled  to  the  rights  and 
privileges  of  membership.  If  such  person  does  not  comply  with  these  reiiuire- 
ments  within  six  months  after  notice  of  his  election,  he  will  l>e  deemed  to  have 
declined  election.  The  Council  may,  thereupon,  declare  his  election  void. 

INITIATION  TUBS  AND  Dl-ES 

C 19.  (C  17.)  The  initiation  fee  for  membership  shall  be  as  follows;  • 

For  Members  and  Associates,  $5. 

For  Juniors,  $5.  A Junior  on  promotion  to  any  other  grade  of  member- 
ship shall  pay  an  additional  fee  of  $5. 

The  annual  dues  for  membersliip  shall  be  as  follows,  including  for  a 
subscription  to  the  A.  S.  R.  E.  Journal  for  one  year: 

For  Members  and  Associates  residing  in  the  United  States  and  Canada, 
$15;  elsezvhcre,  $ro. 

For  Juniors  residing  in  the  United  States  and  Canada,  $10;  elsczvhcre, 
(for  the  first  six  years  of  their  membership,  and  thereafter  the  same  as  for 
a Member  or  .Associate). 

C 20.  The  Council  may,  at  its  discretion,  permit  any  Member  or  Asso- 
ciate to  become  a Life  Member  in  the  same  grade,  u'ithnut  further  payment  of 
dues,  by  the  payment  in  a single  sum  of  an  amount  corresponding  to  the  value 
of  an  annuity  equal  to  the  annual  dues  at  the  age  of  the  applicant  at  time  of 
paymienf,  according  to  ‘WIcClintock's  Table  of  Mortality  among  Annuitants 
with  Interest  at  MA  pcf  cent  per  Annum,'’  which  table  is  the  basis  of  valuation 
for  annuities  as  prescribed  by  the  State  of  New  York. 

SUSPENSIONS  AND  ENPUISIONS 

C 21.  (C  18.)  Any  Member,  Associate  or  Junior  who  shall  leave  his 
annual  dues  unpaid  for  two  years  shall,  at  the  discretion  of  The  Council,  have 
his  name  stricken  from  the  roll  of  membership  and  shall  cease  to  have  any 
further  rights  of  membership. 

C 22,  (C  19.)  The  Council  may  refu.se  to  receive  the  dues  of  any 
Member,  Associate  or  Junior  who  shall  have  been  adjudged  by  'I'he  Council 
to  have  violated  the  Constitution  or  By-Laws  of  the  Society,  or  who.  in  the 
opinion  of  The  Council,  expressed  by  a two-thirds  vote  of  the  entire  Council, 
.shall  have  been  guilty  of  conduct  rendering  him  unfit  to  continue  in  its  mem- 
bership; and  The  Council  may  expel  such  person  and  remove  his  name  from 
the  list  of  members. 


THE  COUNCIL 

C 23.  ( C 20.)  The  affairs  of  the  Society  shall  be  managed  by  a Board 

of  Directors  chosen  from  among  its  Members  and  Associates,  which  shall  be 
.styled  ‘‘The  Council.”  The  Council  shall  consist  of  the  President  of  the 
Society,  who  shall  be  the  presiding  officer,  the  two  Vice-Presidents,  Treas- 
urer, (and)  fifteen  Members  and  Associates,  and  the  last  five  liinng  Ex-Presi- 
dents, ex-ofheio.  Seven  members  of  The  Council  shall  constitute  a quorum 
for  the  transaction  of  business.  The  Secretary  may  take  part  in  the  deliber- 
ations of  'I'he  Council,  but  shall  not  have  a vote  therein. 

C 24.  (C  2T.)  The  Council  thus  constituted  shall  regulate  its  own  pro- 
ceedings and  shall  be  the  legal  Trustee  of  the  Society.  All  gifts  or  bequests 
not  designated  for  a specific  purpose  shall  be  invested  by^he  Council  and  only 
the  income  therefrom  may  be  used  for  current  expenses. 

C 25.  (C  22.)  Should  a vacancy  occur  in  The  Council  or  in  any  elective 
office  except  the  presidency,  through  death,  resignation  or  other  cause.  The 
Council  may  elect  (a)  an  Honorary  Member,  Member  or  Associate  to  fill  the 
vacancy  until  the  next  annual  election. 

C 26.  (C  23.)  The  Council  .shall  present  at  the  Annual  Meeting  of 
the  Societj’  a report,  verified  by  the  President  or  Treasurer  or  by  a majority 
of  the  members  of  The  Council,  showing  the  whole  amount  of  real  and  per- 
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sonal  property  owned  by  the  Society,  where  located  and  where  and  how  in- 
vested, and  the  amount  and  nature  of  the  property  acquired  during  the  year 
immediately  preceding  the  date  of  the  report,  and  the  manner  of  the  acquisi- 
tion; the  amount  applied,  appropriated  or  expended  during  the  year  imme- 
diately preceding  such  date,  and  the  purpose,  objects  or  persons  to  or  for 
which  such  applications,  appropriations  or  expenditures  have  l>een  made : 
also  the  names  and  places  of  residence  of  the  persons  who  have  been  admitted 
to  membership  in  the  Society  during  the  last  year,  which  report  shall  be  filed 
with  the  records  of  the  Society,  and  an  abstract  thereof  shall  be  entered  in 
the  minutes  of  the  proceedings  of  the  Annual  Meeting. 

C 27,  (C  24.)  An  act  of  The  Council  which  shall  have  received  the 
expressed  or  the  implied  sanction  of  the  membership  at  the  next  subsequent 
meeting  of  the  Society  shall  be  deemed  to  be  the  act  of  the  Society,  and  shall 
not  afterward  be  impeached  by  any  member. 

C 2^,  (C  25.)  The  Council  may,  by  two-thirds  vote  of  the  members 
present,  declare  any  elective  office  vacant,  on  the  failure  of  its  incumbent  for 
one  year,  from  inability  or  otherwise,  to  attend  The  Council  meetings,  or  to 
perform  the  duties  of  his  office,  and  shall  thereupon  appoint  (a)  an  Honorary 
Member,  Member  or  Associate  to  fill  the  vacancy  until  the  next  Annual  Meet- 
ing. The  said  appointment  shall  not  render  the  appointee  ineligible  to  election 
to  anv  office. 

OFFICERS 

C 2Q.  (C  26.)  At  each  Annual  Meeting  there  shall  be  elected  from 
among  the  Honorary  Members,  Members  and  Associates; 

A President  to  hold  office  for  one  year. 

Two  Vice-Presidents,  one  to  hold  office  for  one  year  and  one  to  hold 
office  for  two  years.  After  the  fir.st  3’ear  one  Vice-President  to  be  elected 
annually  for  a term  of  two  years. 

A Treasurer  to  hold  office  for  one  year. 

Fifteen  Members  or  Associates  shall  be  meml)ers  of  The  Council,  five 
being  elected  each  year,  and  each  to  hold  office  for  three  years,  with  the 
exceptions  contained  in  this  paragraph.  On  the  }-ear  of  acceptance  of  this 
amendment  (1912).  in  order  to  increase  the  number  of  Directors  from  nine, 
as  heretofore,  to  fifteen,  as  provided  in  this  paragraph  and  in  amended  Sec- 
tion C 20,  nine  Members  or  Associates  shall  be  elected  to  The  Council,  five  to 
hold  office  for  three  years,  two  to  hold  office  for  two  years,  and  two  to  hold 
office  for  one  year,  thereafter  five  Members  or  Associates  shall  be  elected 
each  year. 

C 30.  (C  27.)  The  election  of  officers  shall  be  by  ballot,  as  the  By- 
Laws  shall  provide. 

C 31.  (C  28.)  The  term  of  all  elective  officers  shall  begin  on  the  ad- 
journment of  the  Annual  Meeting  of  the  Society.  Officers  shall  continue  in 
their  respective  offices  until  their  successors  have  been  installed. 

C 32.  (C  29.)  :\  President  or  Vice-President  shall  not  be  eligible  for 

immediate  re-election  to  the  same  office  at  the  expiration  of  the  term  for 
which  he  was  elected. 

C 33.  (C.  30.)  The  Council,  at  its  first  meeting  after  the  Annual  Meet- 
ing of  the  Society,  shall  appoint  a Member  or  Associate  to  serve  as  Secre- 
tary of  the  Societj%  subject  to  the  pleasure  of  The  Council.  The  Secretary 
shall  receive  a salary  which  shall  be  fixed  by  The  Council  at  the  time  of  his 
appointment. 

C 34.  (C  31.)  The  President,  Secretary  and  Treasurer  shall  perform 
the  duties  legally  or  customarily  attaching  to  their  respective  offices  under  the 
laws  of  the  State  of  New  York,  and  such  other  duties  as  may  be  required  of 
them  l)y  The  Council. 

C 33.  (C  32.)  A vacancy  in  the  office  of  President  shall  be  filled  by  the 
Vice-President  who  is  senior  by  age. 

MEETINGS 

C 36.  (C  33.)  The  Society  shall  hold  its  Annual  Meeting  in  New  York 
City  on  the  Monday  preceding  the  first  Tue.sday  in  December,  and  such  other 
meeting  shall  be  held  at  such  times  and  places  as  The  Council  may  appoint. 
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Twenty-five  Members  and  Associates  shall  constitute  a (luorum  for  the  trans- 
action of  business. 

C$7.  (C  34.)  Special  meetings  of  the  Society  may  be  called  at  any  time 
at  the  discretion  of  The  Council  or  shall  be  called  by  the  President  upon  the 
written  request  of  twenty-five  members  entitled  to  vote. 

C (C  35.)  .\ny  appropriation  recommended  by  the  Society  at  a 
meeting  shall  not  take  effect  until  it  has  been  approved  by  The  Council. 

C 39.  (C  36.)  Every  question  which  shall  come  before  a meeting  of 
the  Society  or  of  The  Council  or  of  a committee  shall  be  decided  by  a majority 
of  the  votes  cast,  unless  otherwise  provided  in  this  constitution  or  1)y  the 
By-Laws,  or  the  Laws  of  the  State  of  New  York.  The  Council  may  order 
the  submission  of  any  question  to  the  membership  for  discussion  by  letter 
ballot,  .^ny  meeting  of  the  Society  at  which  a quorum  is  present  may  order 
the  submission  of  any  question  to  the  membership  for  discussion  by  letter 
ballot. 

STANDING  COMMITTEES 

C 70.  ( C 37 ) The  standing  committees  of  the  Society  shall  be : 

Finance  Committee. 

Publication  Committee. 

Membership  Committee. 

The  members  of  these  committees  shall  be  appointed  by  the  President 
from  members  of  The  Council  who  are  not  officers  of  the  Society. 

TRANSACTIONS 

C 41.  (C  38.)  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  in  discussions  at  its  meetings.  Matters  relat- 
ing to  politics,  religion  or  purely  to  trade  shall  not  be  discussed  at  a meeting 
of  the  Society  nor  be  included  in  the  'rransactions. 

C 42.  (C  39.)  The  Society  shall  not  approve  any  engineering  or  com- 
mercial enterprise,  nor  allow  its  imprint  or  name  to  be  used  in  any  commercial 
work  or  business.  No  Member  shall  de.scribe  himself  in  connection  with  the 
Society  in  any  advertisement  other  than  as  (a)  an  Honorary  Member,  Mem- 
ber, .Associate  Member  or  Junior  Member. 

C 43.  Branch  Associations  of  The  American  Society  of  Refrigerating 
Engineers  may  he  established  by  the  adoption  of  a Comtitution,  which  shall 
be  approved  by  The  Council  of  the  parent  Society,  and  by  organisation  of  the 
proposed  Branch  Association  th-ereunder,  "when,  at  the  discretion  of  The 
Council,  a sufficient  number  of  members  makes  application  to  that  effect. 

The  Constitution  of  Branch  Associations  shall  provide: 

a.  That  all  members  of  Branch  Associations  shall  be  members,  in 
good  standing,  of  The  American  Society  of  Refrigerating  Engineers. 

b.  That  all  fees  and  dues  assessed  by  the  Branch  Associations  against 
their  members  shall  be  in  addition  to  regular  fees  and  dues  required  by 
and  paid  to  the  parent  Society,  except  that  The  Council  of  the  parent 
.Society  may  appropriate  not  more  than  $3  of  the  dues  of  each  Member 
and  Associate  and  not  more  than  S2  for  each  Junior,  zcho  are  members 
of  the  Branch  .Associations,  to  be  applied  to  the  e.rpenses  of  the  Branch 
.-Issociations. 

.A  copy  of  the  minutes  and  proceedings  of  each  meeting  of  Branch  .Asso- 
ciations shall  be  filed  zinth  the  Secretary  of  The  .American  Society  of  Refrig- 
erating Engineers  zvithin  fifteen  days  after  the  meeting.  The  .American 
Society  of  Refrigerating  Engineers  may  publish  in  the  A.  S.  R.  E.  Journal 
such  proceedings  of  Branch  Associations  as  shall  be  approved  by  the  Pub- 
lication Committee,  but  no  part  of  the  proceedings  shall  be  published  zoithout 
the  approval  of  the  Publication  Committee  of  the  parent  body. 


A.MENDMENTS 

C 44.  (C  40.)  .At  .Annual  Meetings  of  the  Society  any  Honorary  Mem- 
ber, Member  or  .Associate  may  propose  in  writing  for  discussion  an  amend- 
ment to  this  Constitution.  Such  proposed  amendment  shall  not  be  voted  on 
at  that  meeting,  but  shall  be  open  for  discussion  and  such  modifications  as 
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may  be  accepted  by  the  proposer.  The  proposed  amendment  shall  be  mailed 
by  the  Secretary  to  each  Honorary  Member,  Member  and  Associate  at  the 
time  the  notice  of  the  next  Annual  Meeting  issues,  and  shall  be  voted  upon  at 
said  meeting, 

C 45.  (C  41,)  Such  By-Laws  shall  be  enacted  as  will  conform  with 
this  Constitution  and  the  Laws  of  the  State  of  New  York  and  as  are  required 
to  conduct  the  business  of  the  Society, 

BY-LAWS 

CANDIDATES  FOR  MEMBERSHIP 

B I,  A candidate  for  admission  to  the  Socety  as  a Member  or  as  an 
Associate  must  make  application  on  a form  approved  by  The  Council,  upon 
which  he  shall  write  a statement  giving  a complete  account  of  his  qualifications 
and  engineering  experience,  and  an  agreement  that  he  will,  if  elected,  conform 
to  the  Constitution,  By-Laws  and  Rules  of  the  Society,  He  must  refer  to  at 
least  four  Members  or  Associates  to  whom  he  is  personally  known, 

B 2,  Applications  for  membership  from  Refrigerating  Engineers  who  are 
not  residents  in  the  United  States  or  Canada,  and  who  may  be  so  situated  as 
not  to  be  personally  known  to  four  Members  or  Associates  of  the  Society, 
as  required  in  the  foregoing  paragraph,  may  be  recommended  for  ballot  by 
four  members  of  The  Council,  after  sufficient  evidence  has  been  secured  to 
show  that  in  their  opinion  the  applicant  is  worthy  of  admission  to  the  grade 
which  he  seeks, 

B 3.  A candidate  for  admission  to  the  Society  as  a Junior  must  make 
application  in  the  same  manner  as  provided  for  Members  or  Associates,  ex- 
cept that  he  must  refer  to  not  less  than  three  Members  or  Associates  to  whom 
he  is  personally  known. 

B 4,  The  references  for  each  candidate  for  admission  to  the  Society  shall 
be  requested  to  make  a confidiential  communication  to  the  Membership 
Committee,  setting  forth  in  detail  such  information,  personally  known  to  the 
referee,  as  shall  enable  The  Council  to  arrive  at  a proper  estimate  of  the 
eligibility  of  the  candidate  for  admission  to  the  Society, 

ELECTION  OF  MEMBERS 

B 5.  The  Secretary  shall  mail  to  each  member  entitled  to  vote,  at  least 
thirty  days  in  advance  of  any  meeting,  a ballot  stating  the  names  and  the 
respective  grades  of  the  candidates  for  membership  in  the  Society  which  have 
been  approved  by  The  Council  and  the  time  of  the  closure  of  voting.  The 
voter  shall  prepare  his  ballot  by  crossing  out  the  names  of  candidates  rejected 
by  him,  and  shall  enclose  said  ballot  in  a sealed  blank  ballot  envelope,  which 
he  shall  then  enclose  in  a second  sealed  outer  envelope,  on  which  he  shall,  for 
identification,  write  his  name  in  ink.  The  ballot  thus  prepared  and  enclosed 
shall  be  mailed  or  delivered  unopened  to  the  Tellers  of  Election,  The  Secre- 
tary shall  certify  to  the  competency  and  the  signature  of  all  voters.  On  the 
closure  of  voting  the  Tellers  of  Election  shall  first  open  and  destroy  the  outer 
envelopes,  and  shall  then  canvass  the  ballots  and  certify  the  result  to  the 
meeting  of  the  Society, 

B 6,  The  Tellers  of  Election  shall  not  receive  any  ballot  after  the  stated 
time  of  the  closure  of  voting,  A ballot  without  the  endorsement  of  the  voter 
written  in  ink  on  the  outer  envelope  is  defective,  and  shall  be  rejected  by  the 
Tellers  of  Election, 

B 7,  The  names  of  those  persons  elected  to  membership,  with  their  re- 
spective grades,  shall  be  embodied  in  a written  report,  signed  by  the  Tellers, 
and  presented  to  the  next  meeting  of  the  Society,  'The  President  shall  then 
declare  them  duly  elected  to  meml>ership  in  the  Societ}%  The  Tellers  may, 
through  the  Secretary,  in  advance  of  any  meeting,  advise  each  candidate  of  the 
re.sult  of  the  canvass  of  the  votes  in  his  case.  The  names  of  applicants  who 
are  not  elected  shall  neither  be  announced  nor  recorded  in  the  Transactions. 

B 8.  The  endorsers  of  an  applicant  who  has  not  been  elected  may.  with 
his  consent,  present  to  The  Council  a written  request  for  a re-submission  of 
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his  name  to  ballot.  The  Council  may,  in  its  discretion,  by  a three-fourths 
vote  of  the  members  present  order  the  name  of  the  applicant  placed  on  the 
next  ballot  for  members. 

B 9.  ‘Each  person  elected  to  membership  must  subscribe  to  the  Con- 
stitution, By-Laws  and  Rules  of  the  Society,  and  pay  the  initiation  fee  before 
he  can  receive  a certificate  of  membership  in  the  Society. 

ELECTION  or  OFEICERS 

B 10.  The  Secretary  shall  mail  to  each  member  entitled  to  vote,  at  least 
thirty  days  before  the  Annual  Meeting,  the  names  of  the  candidates  for  office 
proposed  for  election  by  the  Nominating  Committees. 

B II.  The  names  of  the  candidates  proposed  by  the  Nominating  Com- 
mittee or  Committees,  and  the  respective  offices  for  which  they  are  candidates, 
shall  be  printed  in  separate  lists  on  the  same  ballot  sheet,  each  list  of  candi- 
dates to  be  printed  under  the  names  of  the  members  of  the  particular  com- 
mittee which  proposed  it. 

B 12.  The  name  of  any  candidate  on  the  ballot  may  be  erased,  and  the 
name  of  any  per.son  qualified  to  hold  the  office  written  in  its  stead.  The  ballot 
must  be  voted  and  canvassed  in  the  same  manner  as  for  the  election  of 
members. 

B 13.  In  case  of  a tie  in  the  vote  for  any  office,  the  President,  or  in  his 
absence,  the  presiding  officer,  shall  cast  the  deciding  vote. 

B 14.  A ballot  which  contains  more  names  on  it  than  there  are  officers 
to  be  elected  is  thereby  defective,  and  shall  be  rejected  by  the  Tellers. 

PEES  AND  DUES 

B 15.  The  initiation  fee  and  annual  dues  of  the  first  year  shall  be  due 
and  payable  on  notice  of  election  to  membership.  Thereafter  the  annual  dues 
shall  be  due  and  payable  on  the  first  day  of'Dccember  in  each  year. 

B 16.  A member  in  arrears  for  one  year  shall  not  be  entitled  to  vote 
until  such  arrears  have  been  paid.  Should  the  right  to  vote  be  questioned,  the 
books  of  the  Society  shall  be  conclusive  evidence. 

B 17.  The  Secretary  shall  present  to  The  Council  the  name  of  any 
Member,  Associate  or  Junior  in  arrears  for  more  than  one  year.  A person 
dropjied  from  the  rolls  for  non-payment  of  dues  may,  at  the  discretion  of  The 
Council,  be  restored  to  the  privileges  of  membership  upon  payment  of  all 
arrears. 

FIN  A N CIA  L A DM  IN  IS  TRA  T I O N 

B 18.  The  Council  at  its  lirst  meeting  in  each  fiscal  year  shall  consider 
the  recommendations  of  the  Finance  Committee  concerning  the  expenditures 
necessary  for  the  work  of  the  Society  during  that  year.  The  apportioning 
of  the  work  of  the  Society  among  the  various  standing  and  other  com- 
mittees shall  be  on  a basis  approved  by  The  Council  and  in  harmony  with  the 
Constitution  and  By-Laws,  fhe  appropriations  approved  by  The  Council,  or 
so  much  thereof  as  may  be  required  for  the  work  of  the  Society,  shall  be 
expended  by  the  various  committees  of  the  Society,  and  all  bills  against  the 
Society  for  such  expenditures  shall  be  certified  by  the  committee  making  the 
expenditure,  and  shall  then  be  sent  to  the  Finance  Committee  for  audit. 
Money  shall  not  be  paid  out  by  any  officer  or  employee  of  the  Society  except 
upon  bills  duly  auditeil  by  the  committee,  or  by  resolution  of  The  Council. 

FINANCE  COMMITTEE 

B 19.  The  Finance  Committee  shall  consist  of  three  members  of  The 
Council  appointed  for  a term  of  one  year.  The  committee  shall,  under  the 
direction  of  The  Council  have  supervision  of  the  financial  affairs  of  the 
Society,  including  the  b(X)ks  of  account. 

PROGRAM  COMMITTEE 

B 20.  The  President  shall  appoint  a Program  Committee  from  the  mem- 
bers of  The  Council,  which  shall  procure  professional  papers,  pass  upon  their 
suitability  for  presentation,  and  to  suggest  topical  subjects  for  discussion  at 
the  meetings.  The  committee  may  refer  any  paper  presented  to  the  Society 
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to  a person  or  persons,  especially  qualiliecl  by  theoretical  knowledge  or  prac- 
tical experience,  for  their  suggestions  or  opinions  as  to  the  suitability  of  the 
paper  for  presentation.  Papers  from  non-members  shall  not  be  accepted 
except  by  unanimous  vote  of  the  committee.  The  committee  shall  arrange  the 
program  of  each  meeting  of  the  Society,  and  shall  have  general  charge  of 
the  entertainments  to  be  provided  for  the  members  and  guests  at  each  meeting. 
It  shall  prohibit  the  distribution  or  exhibition  at  the  headquarters  or  at  the 
meeting  places  of  the  Society  of  all  advertising  circulars,  pamphlets  or  samples 
of  commercial  apparatus  or  machinery.  At  the  end  of  each  fiscal  year  the 
committee  shall  deliver  to  the  Secretary  for  presentation  to  The  Council  a 
detailed  report  of  its  work. 

PUBLIC  A TION  COMMITTEE 

B 21.  The  Publication  Committee  shall  consist  of  three  members  of  The 
Council  appointed  for  a term  of  one  year.  The  committee  shall  review  all 
papers  and  discussions  which  have  been  presented  at  the  meetings,  and  shall 
decide  what  papers  or  discussions,  or  parts  of  the  same,  shall  be  printed.  At 
the  end  of  each  fiscal  year  the  committee  shall  deliver  to  the  Secretary  for 
presentation  to  The  Council  a detailed  report  of  its  work. 

MEMBERSHIP  COMMITTEE 

B 22.  The  Membership  Committee  shall  consist  of  three  members  of 
The  Council  appointed  for  a term  of  one  year.  It  shall  be  the  duty  of  this 
committee : 

To  receive  and  scrutinize  all  applications  for  membership  to  the  Society. 

To  seek  further  information  as  to  the  qualifications  of  any  applicant  whose 
evidence  of  eligibility  is  not  clear  to  the  committee. 

To  report  to  each  session  of  The  Council  the  names  of  all  applicants  under 
consideration,  together  with  the  action  of  the  committee  on  each. 

The  committee  shall  at  once  destroy  all  correspondence  In  relation  to  each 
applicant  when  his  name  has  been  placed  on  the  ballot  by  order  of  The 
Council,  or  upon  the  withdrawal  of  the  application. 

NOMINA  TING  COMMITTEES 

B 23.  A Nominating  Committee  of  five  Members  or  Associates  shall  be 
appointed  by  the  President  within  three  months  after  he  assumes  office.  It 
shall  be  the  duty  of  this  committee  to  send  to  the  Secretary  on  or  before 
October  first  the  names  of  consenting  nominees  for  the  elective  offices  next 
falling  vacant  under  the  Constitution.  Upon  the  request  of  any  Honorary 
Member,  Member  or  .Associate,  the  Secretary  shall  furni.sh  to  the  applicant 
the  names  of  such  nominees. 

B 24.  Twenty  or  more  members  entitled  to  vote  may  constitute  them- 
selves a Special  Nominating  Committee  with  the  same  powers  as  the  Annual 
Nominating  Committee.  A Special  Nominating  Committee,  if  organized,  shall, 
on  or  before  October  twentieth,  present  to  the  Secretary  the  names  of  the 
candidates  nominated  by  it  for  the  elective  offices  next  falling  vacant  under 
the  Constitution,  together  with  the  written  consent  of  each. 

TELLERS 

B 25.  The  Presiding  Officer  shall,  at  the  first  session  of  the  Annual 
Meeting,  appoint  three  Tellers  of  Election  of  Officers,  whose  duties  shall  be  to 
canvass  the  votes  cast,  and  report  the  result  to  the  meeting.  Their  term  of 
office  shall  terminate  when  their  report  of  the  canvass  is  presented  to  the 
meeting. 

B 26.  The  President  within  one  month  after  assuming  office  shall  ap- 
point three  Tellers  of  Election  of  Members  to  serve  for  one  year,  whose  duties 
shall  be  to  canvass  the  votes  cast  for  members  during  the  year,  and  to  certify 
the  same  to  the  President.  They  shall  notify  candidates  through  the  Secretary 
of  the  result  of  such  election. 

B 27.  The  President  shall  appoint  three  Tellers  to  canvass  any  letter 
ballots  which  shall  be  order  by  The  Council  or  by  the  Societ3^ 
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SEC RUT ARY 

B 28.  The  Secretary  of  the  Society  shall  be  the  Secretary  to  The  Council. 

The  Secretary  shall,  under  the  supervision  ot  the  Finance  Committee, 
have  charge  of  the  Books  of  Account  of  the  Society. 

lie  shall  make  and  collect  all  bills  against  members  or  others. 

All  bills  against  the  Society  shall  be  delivered  to  the  Secretary.  He  shall 
immediately  enter  them  in  the  Books  of  Account,  and  shall  immediately 
deposit  such  funds  as  he  receives  to  the  credit  of  the  Society  in  a bank  to  be 
designated  by  The  Council. 


TREASURER 

B 29.  The  Treasurer  shall  make  payments  onl}'  on  the  audit  of  the 
Finance  Committee,  or  upon  the  direction  of  The  Council,  by  resolution  of 
that  body.  He  shall  furnish  a bond  for  the  faithful  performance  of  his  duties 
to  such  amount  as  The  Council  may  require,  such  bond  to  be  procured  from  an 
incorporated  guarantee  company  at  the  expense  of  the  Society. 

TITLES,  EMBLEMS,  CERTIFICATES 

B 30.  Each  Honorary  Member,  Member,  .Associate  and  Junior,  subject  to 
such  rules  as  The  Council  may  establish,  shall  be  entitled  on  request  to  a 
certificate  of  membership  signed  by  the  President  and  Secretary  of  the  Society. 
Every  such  certificate  shall  remain  the  property  of  the  Society,  and  shall  be 
returned  to  it  on  demand  of  The  Council. 

B 31.  Each  proxy  authorizing  a person  to  vote  for  an  absent  member 
.shall  be  signed  by  such  absent  memlK'r,  with  an  attesting  witness,  and  be  sub- 
mitted to  the  Secretary  for  verification  of  the  member’s  right  to  vote  at  the 
meeting  at  which  the  right  is  to  be  exercised. 

B 32.  The  cml)lein  of  each  grade  of  membership  approved  by  The 
Council  shall  be  worn  by  those  only  who  belong  to  that  grade.  The  official 
stationery  shall  be  used  only  by  Officers  and  Committees  of  the  Society  for 
official  business. 

B 33.  The  abbreviations  of  the  titles  of  the  various  grades  of  member- 
ship approved  by  the  Society  are  as  follows : 

For  Honorary  Member — Hon.  Mem.  Am.  Soc.  R.  E. 

For  Members — Mem.  .Am.  Soc.  R.  K. 

For  .Associates — .Assoc.  .Am.  Soc.  R.  E. 

For  Juniors — Jun.  .Am.  Soc.  R.  E. 

ORDER  OF  BUSINESS 

B 34-.  Roll  Call. 

Reading  of  minutes  of  previous  meeting. 

Report  of  Tellers  of  Election  of  Members. 

Report  of  The  Council. 

Unfinished  l)usiness. 

New  business. 

Report  of  Tellers  of  Election  of  Officers. 

Reading  of  papers  and  discussions. 

FARLIA.MENTAR V RULES 

B 35.  In  all  questions  arising  at  any  meeting  involving  parliamentary 
rules  not  provided  for  in  these  By-Laws,  “Cushing's  Manual”  shall  be  the 
governing  authority. 

AMENDMENTS 

B 36.  These  By-Laws  may  be  amended  in  the  same  manner  as  amend- 
ments are  made  to  the  Constitution. 
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SUGGESTION  FOR  CONSTITUTION  OF  BR.\NCH  ASSOCIATION 
OF  THE  AMERICAN  SOCIETY  OF  REFRIG- 
ERATING ENGINEERS 

Your  Committee  also  submits  the  following  Constitution  for  Branch 
Associations : 

Article  I 

NAME,  LOCATION  AND  ODJECT 

Section  i.  The  name  of  the  Association  shall  be  the  

Association  of  Members  of  The  American  Society  of 

Refrigerating  Engineers. 

Sec.  2.  The  officers  of  the  Association  shall  be  located  in  the  city 
of  

Sec.  3.  Its  object  shall  be  the  advancement  of  refrigerating  engineering 
knowledge  and  practice,  the  maintenance  of  a high  professional  standing 
among  its  members,  and  the  furtherance  of  the  general  welfare  of  The 
American  Society  of  Refrigerating  Engineers. 

Sec.  4.  Among  the  means  to  be  employed  for  this  purpose  shall  be  the 
holding  of  meetings  for  the  presentation  and  di.scussion  of  professional  papers, 
particularly  those  issued  by  The  .American  Society  of  Refrigerating  Engineers, 
and  the  encouragement  of  engineers  who  are  not  members  to  attend  and 
take  part  in  the  professional  and  social  features  of  such  meetings. 

Article  II 

MEMBER.SHIP 

Section  i.  The  membership  of  the  Association  shall  be  restricted  to 
persons  who  are  members  of  The  .American  Society  of  Refrigerating  Engi- 
neers in  any  grade.  All  such  may  become  members  of  this  .Association  with- 
out payment  of  entrance  fee,  but  should  the  membership  in  The  American 
Society  of  Refrigerating  Engineers  of  any  member  cease  from  any  cause  he 
shall  at  the  same  time  cease  to  be  a member  of  this  .Association. 

Article  III 

DUES 

Section  i.  The  annual  dues  payable  by  all  members  shall  not  be  more 

than payable  annually  in  advance  on  the  first  day  of  

and  any  member  whose  dues  are  more  than  two  years  in  arrears  shall  cease 
to  be  a member  of  this  Association. 

.Article  IV 
officers 

Section  i.  The  officers  of  this  .Association  shall  be  a President,  two  Vice- 
Presidents,  a Secretary  and  a Treasurer,  who,  with  the  two  latest  living  past- 
presidents,  shall  constitute  a Board  of  Directors,  in  which  the  government  of 
the  Association  shall  be  vested. 

Sec.  2.  The  terms  of  office  of  the  President  of  the  .Association  shall  be 
one  year,  of  the  Vice-Presidents,  Secretary  and  Treasurer,  two  years.  The 
term  of  each  officer  shall  begin  at  the  close  of  the  annual  meeting  at  wdiich 
such  officer  is  elected,  and  shall  continue  for  the  period  above  named,  or  until 
a successor  is  duly  elected. 

Sec.  3.  .A  vacancy  in  any  office  shall  be  filled  by  election  at  the  next 
regular  meeting  of  the  .Association. 

Sec.  4.  The  officers  following  those  elected  at  the  organization  of  the 
As.sociation  shall  be  elected  at  the  annual  meetings  of  the  Association  there- 
after. 

Article  V 

MEETINGS 

Section  i.  The  annual  meeting  of  the  Association  shall  be  held  on 


Sec.  2.  Regular  meetings  shall  be  held  bi-monthly,  at  such  time  and  place 
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as  may  be  api>ointed  by  the  Board  of  Directors,  At  these  meetings  the  business 
of  the  Association  shall  be  transacted,  and  the  discussion  of  professional 
papers  published  by  The  American  Society  of  Refrigerating  Engineers,  or 
specially  arranged  for  the  occasion,  shall  be  in  order.  Such  discussions  are  to 
be  furnished  to  the  Secretary  of  The  .-Xmerican  Society  of  Refrigerating 
Engineers  for  publication,  subject  to  the  approval  of  the  Publication  Com- 
mittee of  that  Society. 

Article  VI 

AMENDMENT.S 

Section  i.  This  Constitution  may  be  amended  only  by  a two-thirds  vote 
of  all  the  members  of  the  Association,  which  vote  may  be  taken,  if  necessary, 
by  letter  ballot,  provided  such  amendment  shall  have  previously  received  the 
approval  of  The  Council  of  The  American  Society  of  Refrigerating  Engineers. 

Your  Committee  approves  the  amendments  to  Paragraph  C 17  and  C 20, 
offered  by  Ex-President  Torrance  at  our  last  annual  meeting,  as  to  readjust- 
ment of  dues  for  foreign  members  and  the  making  of  an  addition  to  The 
Council  of  the  last  five  living  ex-presidents,  and  have  included  these  amend- 
ments  in  our  suggestions,  Respectfully  submitted. 

L.  Howard  Jenks,  Chairman. 

The  report  was  ordered  printed  in  The  Journal  and  then  brought 
before  the  next  annual  meeting  for  final  action.  However,  Chair- 
man Jenks  urged  the  acceptance  of  the  amendment  to  paragraph 
4 of  Section  C 17  of  the  Constitution,  stating  that  the  postal  au- 
thorities require  that  this  amendment  be  made  before  they  will  ad- 
mit the  A.  S.  R.  E.  Journai.  to  the  privileges  of  second  class  mail 
matter.  Paragraph  4 of  Section  C 17  reads  as  follows: 

“The  annual  dues  for  membership  shall  be  as  follows”: 

Mr.  Jenks  stated  that  the  postal  authoritie.s  desire  that  it  read 
as  follows: 

“The  annual  dues  for  membership  shall  be  as  follows,  including  $3.00 
for  a subscription  lo  the  S.  R.  E.  Journal’  for  one  year” ; 

A motion  prevailed  accepting  this  amendment  to  paragraph  4 
of  Section  C 17  of  the  Constitution, 

At  the  last  annual  meeting  the  President.  Henry  Torrance,  on 
recommendation  of  The  Council,  proposed  the  following  amend- 
ments to  paragraphs  C 17  and  C 20  of  the  Constitution,  subject  to 
discussion  and  such  modifications  as  may  be  accepted  by  the  pro- 
poser at  that  meeting  and  to  come  before  the  Eleventh  Annual  Meet- 
ing for  final  action. 

(Hoards  in  itaJics  indicate  neze  matter;  ziords  in  parentheses  to  be  omitted.) 

INITIATION  FEES  AND  DUES 

C 17.  The  initiation  fee  for  membership  shall  be  as  follows: 

For  Members  and  Associates,  $5. 

For  Juniors.  $5.  Junior  on  promotion  to  any  other  grade  of 
membership  shall  pay  an  additional  fee  of  $5. 

The  annual  dues  for  membership  shall  be  as  follows : 

For  Members  and  As.sociates  residing  in  the  United  States  and 
Canada,  $15;  elsezvhere,  $10. 

For  Juniors  residing  in  the  United  States  and  Canada,  $10;  else- 
zvhere,  (for  the  first  six  years  of  their  membership,  and  thereafter 
the  same  as  for  a Member  or  Associate). 
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THE  COUNCIL 

C 20.  The  affairs  of  the  Society  shall  be  managed  by  a Board  of 
Directors  chosen  from  among  its  Members  and  Associates,  which  shall 
be  styled  “The  Council.”  The  Council  shall  consist  of  the  President 
of  the  Society,  who  shall  be  the  presiding  officer,  the  two  Vice-Presi- 
dents, Treasurer,  (and)  fifteen  Members  and  Associates,  and  the  last 
five  living  Ex-Presidents,  ex-ofHcio.  Seven  members  of  The  Council 
shall  constitute  a quorum  for  the  transaction  of  business.  The  Secre- 
tary may  take  part  in  the  deliberations  of  The  Council,  but  shall  not 
have  a vote  therein. 

These  proposed  amendments  were  unanimously  approved. 

PZ.  F.  Miller,  Boston,  Mass.,  suggested  that,  as  a great  many  of 
the  technical  schools  are  now  giving  courses  in  refrigeration  and 
that  students  naturally  desire  to  secure  copies  of  the  A.  S.  R.  E, 
JouRN.^L,  a special  subscription  rate  be  made  to  students.  This 
matter  was  referred  to  The  Council  with  power  to  act. 

The  report  of  the  Tellers  of  Election  of  (Officers  was  next  in 
order.  It  is  as  follows: 

New  York,  N.  Y.,  December  6,  1915. 

Mr.  Louis  K.  Doclling,  President. 

The  American  Society  of  Refrigerating  Engineers, 

154  Nassau  Street,  New  York,  N.  Y. 

Dear  Sir: 

Your  Tellers  of  Election  of  Officers  met  this  morning  and  canvassed 
the  ballots  for  the  nominations  for  the  offices  falling  vacant  after  this  annual 
meeting.  We  find  the  following  were  elected: 

president 

Theodore  O.  Vilter,  Milwaukee,  Wis. 

VICE-PRESIDENT 

N.  H.  Hiller,  Carbondale.  Pa. 

TREASURER 

George  A.  Horne,  New  York,  N.  Y. 

DIRECTORS  (5  years) 

G.  F.  Bein,  Fort  Worth,  Tex. 

Henning  N.  Borgstedt,  Yonkers.  N.  Y. 

Richard  S.  Broas,  New  York,  N.  Y. 

Herbert  S.  Nulsen,  New  York,  N.  Y. 

George  E.  Wells,  St.  Louis,  Mo. 

DIRECTOR  (l  year) 

S.  B.  Carpender,  New  Brunswick,  X.  J. 

Respectfully  submitted. 

(Signed)  John  R.  Livezey,  Chairman. 
Donald  Cole. 

Nelson  J.  Waite. 
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President  Doelling  appointed  Ex-Presidents  Neff  and  Block  to 
escort  President-elect  Yilter  to  the  chair.  On  reaching  the  rostrum, 
President  Doelling  congratulated  the  President-elect  and  assured 
him  that  he  knew  he  would  carry  on  the  business  of  the  Society  to 
the  satisfaction  of  all. 

President-elect  Vilter  made  the  following  remarks  in  accepting 
the  presidency  of  the  Society : 

“I  had  no  idea,  gentlemen,  that  such  an  honor  would  come  to  me.  I 
want  to  thank  you  for  it.  1 shall  try  to  do  the  very  best  I can,  and  in  a year 
from  now  you  will  be  able  to  judge  as  to  whether  I was  entitled  to  have  this 
office  or  not.  I also  want  your  assistance,  because  one  man  sitting  in  this 
chair  here  can’t  do  much  of  anything,  he  has  to  have  some  standbys,  and  I 
want  those  standbys  to  come  forward  and  say  what  ought  to  be  done,  and 
should  be  done  and  must  be  done,  and  we  will  try  and  get  our  heads  together 
and  do  it,  but  we  must  have  co-operation.  If  we  haven’t  co-operation  our 
individual  efforts  are  of  little  avail,  but  we  certainly  want  a live  organization, 
and  with  your  co-operation  we  will  make  it  .so. 

Cold  Storage  Legislation  Committee — In  the  absence  of  its 
chairman,  Henry  Torrance,  President  Doelling  called  on  J.  F.  Nick- 
erson for  a statement  on  the  present  situation  as  to  cold  storage 
legislation.  Mr.  Nickerson  stated  that  there  was  little  new  to  re- 
port since  the  last  meeting,  as  Congress  and  none  of  the  state  legis- 
latures had  been  in  session  for  some  time.  However,  he  felt  that 
as  eleven  state  legislatures  will  be  in  session  during  1916,  there  will 
be,  no  doubt,  efforts  made  to  introduce  and  pass  cold  storage  bills. 
He  further  stated  that  it  was  possible  that  the  bill  which  failed  of 
passage  in  the  last  Congress  may  be  again  introduced.  He  also 
called  attention  to  the  cold  storage  legislation  situation  in  Pennsyl- 
vania, remarking  that  a bill  had  passed  both  hou.ses  at  the  last  ses- 
sion of  the  state  legi.slature  repealing  the  present  law  and  substi- 
tuting a new  law  very  similar  to  the  uniform  state  cold  storage  law, 
but  it  was  vetoed  by  the  Governor. 

C.  H.  Brownell,  Washington  Court  House,  Ohio,  in  discussing 
the  cold  storage  law  situation,  stated  that  it  was  his  opinion  that 
cold  storage  laws  would  have  no  beneficial  effect  upon  the  cold 
storage  warehousemen  and  the  public,  for  the  reason  that  it  is  im- 
possible to  enforce  any  law  that  would  compel  the  retailer  to  deal 
honestly  with  his  customers,  so  long  as  there  was  a profit  in  taking 
advantage  of  the  public  prejudice  against  cold  storage  goods,  as  is 
now  being  generally  done.  He  stated  that  in  Massachusetts,  where 
cold  storage  goods  are  supposed  to  be  marked,  that  inferior  cold 
storage  eggs  or  inferior  fresh  eggs  were  being  stamped  as  cold 
storage  products,  while  first  class  cold  storage  products  were  sold 
as  fresh  goods.  He  firmly  believed,  becau.se  of  human  frailties,  that 
whenever  there  is  an  opportunity  for  an  excess  profit  to  the  re- 
tailer he  will  take  the  profit  and  not  conform  to  the  law. 

Before  adjourning  the  session  for  luncheon  in  the  Engineers 
Club,  President  Doelling  appointed  a Resolutions  Committee,  con- 
sisting of  J.  F.  Nickerson,  Chicago,  111. ; F.  E.  Matthew.s,  Leonia, 
N.  J.,  and  Karl  Vesterdahl,  New  York,  N.  Y. 
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Second  Session,  Monday  Afternoon,  December  6 

Immediately  upon  calling  the  second  session  of  the  meeting  to 
order  at  about  i :30  o’clock  P,  M.,  President  Doelling  asked  for  the 
report  of  the  Committee  to  Determine  the  Sources  of  Foreign  Gases 
in  Refrigerating  Systems.  The  report  was  made  by  H,  Dannenbaum, 
the  chairman  of  the  committee.  It  is  as  follows : 

The  Committee  to  Determine  the  Sources  of  Foreign  Gases  in  Refrig- 
erating Systems  found  it  difficult  to  continue  its  work  along  the  lines  pursued 
last  year,  and  considered  it  best  to  secure  the  cooperation  of  the  Bureau  of 
Standards  at  Washington,  D.  C.,  on  its  important  work.  An  arrangement 
was  made  under  which  Mr.  McKelyj^  of  the  Bureau,  who  was  placed  in 
charge  of  this  investigation,  would  take  regularly  samples  of  non-condensible 
ga.ses  from  a plant  at  Washington,  analyzing  them  at  the  laboratory  of  the 
Bureau.  We  visited  in  the  spring  several  refrigerating  plants  in  Washing- 
ton and  arranged  with  one  of. the  larger  plants,  operating  compression  ma- 
chines, to  take  samples  whenever  they  thought  the  system  needed  purging. 
Mr.  McKelvy  did  not  hear  from  the  plant  for  a long  time  and  thought  this 
was  due  to  the  prevailing  cool  weather,  which  might  have  an  influence  on 
the  formation  of  non-condensible  gases,  but  when  he  finally  visited  the  plant 
he  was  told  that  it  would  cause  too  much  trouble  and  disturbance  to  have 
samples  of  gases  taken  from  the  system. 

Mr.  McKelvy  came  to  the  conclusion  that  it  would  be  a better  plan  to 
install  at  the  Bureau  of  Standards  a half-ton  compression  refrigerating 
plant  for  the  purpose  of  thoroughly  studying  the  problem  under  his  abso- 
lute control  and  made  an  effort  to  obtain  such  a plant,  but,  as  the  funds  of 
the  Bureau  are  limited,  the  Director  did  not  see  his  way  clear  to  let  him 
have  the  necessary  amount  of  money.  An  effort  was  made  to  have  a plant 
loaned  for  a year  or  two,  but  so  far  he  has  not  been  successful.  Mr.  Mc- 
Kelvy hopes  to  obtain  a small  plant  next  year  and  the  subject  will  then  be 
studied  on  a scientific  basis.  An  article  by  Prof.  R.  Planck,  Danzig,  Ger- 
many, which  appeared  in  the  Zcitschrift  fucr  die  ycsamte  Kaelte  Industrie, 
a translation  of  which  appeared  in  the  July  number  of  the  A.  S.  R.  E. 
Journal,  offers  some  valuable  suggestions  for  the  investigations. 

A separate  study  is  the  formation  of  non-condensible  ga.ses  in  absorption 
machines  and  some  figures  were  obtained  at  a plant  in  Washington  oper- 
ating such  machines.  A report  by  Mr.  McKelvy  on  the  work  which  has  been 
done  this  year  follows: 

The  experimental  work  on  the  subject  of  foreign  gas  formation  in 
ammonia  refrigerating  systems  undertaken  by  the  Bureau  of  Standards  is 
not  sufficiently  advanced  to  permit  of  even  a preliminary  survey  of  results 
at  this  time.  However,  it  was  thought  that  it  might  be  of  some  interest  to 
point  out  the  lines  of  attack  now  being  followed  and  the  possible  needs  of 
the  problem  in  order  to  provide  definitive  and  authoritative  results. 

The  two  types  of  systems,  ab.sorption  and  compression,  are  being  con- 
sidered independently  in  relation  to  the  problem,  as  the  conditions  and  fac- 
tors involved  are  for  the  most  part  different.  The  results  so  far  obtained 
have  to  do  with  the  absorption  system.  While  not  conclusive  or  extensive  in 
nature  they  are  sufficient  to  indicate  the  line  of  attack  to  be  followed.  Work 
is  under  way  along  two  distinct  lines : 

I.  During  a recent  overhauling  and  recharge  of  the  Bureau  absorption 
machine,  outlets  were  provided  by  means  of  which  it  will  be  possible  to  take 
gas  samples  for  analysis  from  various  parts  of  the  machine  independently. 
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thus  enabling  us  to  lecoalize  the  place  of  formation,  study  the  behavior  of 
the  gas  in  the  system  and  the  variations  in  its  composition.  Of  considerable 
importance  will  be  the  study  of  the  actual  quantity  of  gas  formed  and  its 
effect  on  operating  conditions.  In  order  to  do  this,  it  will  be  necessary  to 
operate  unaer  a load  as  constant  as  can  l.e  maintained. 

Preliminary  experiments  at  the  'I'crminal  Power  Company  plant  in 
Washington,  with  this  object  in  vkw.  were  made  during  July.  The  results 
obtained  were  only  (jualitative  in  character,  owing  to  the  variation  in  load 
at  the  plant.  During  this  month  j.5  cubic  feet  of  foreign  gas  mixed  with  14.3 
pounds  (302  cubic  feet)  of  ammonia  were  removed  from  an  8o-ton  machine. 
The  average  composition  by  volume  of  the  gas  blown  off  was  about  0.5  per 
cent  foreign  gas,  the  remainder  being  anunonia.  Here,  it  is  evident,  purging 
was  unneces.sary.  I'rom  a 50-ton  machine  at  the  same  plant  3.3  cubic  feet  of 
foreign  gas  mixed  with  2.5  pounds  (53  cubic  feet)  of  ammonia  was  removed. 
Thus  the  average  composition  by  volume  of  the  gas  blown  off  was  6.2  per 
cent  foreign  ga.s,  the  remainder  being  ammonia. 

At  the  Bureau  plant  it  is  hoped  to  be  able  to  definitely  determine  the 
relation  between  operating  conditions  and  gas  formation,  as  well  as  the  effect 
of  purging  on  operating  conditions. 

2.  An  apparatus  has  been  built  in  which  it  is  hoped  to  study  the  formation 
of  foreign  gas  on  a small  scale.  The  conditions  obtaining  in  an  absorption 
plant  will  be  imitated  as  closely  as  possible,  and  more  particularly  the  effect  of 
impurities  on  the  ammonia  will  be  studied.  It  is  also  contemplated  using 
various  brands  of  ammonia  on  the  market.  It  will  be  possible  to  control  the 
various  factors  involved  very  closely. 

In  order  to  throw  light  on  the  behavior  of  foreign  gas  in  the  system,  a 
study  of  the  solubility  of  the  conqx)nent  gases  in  liquid  ammonia  at  various 
temperatures  and  pressures  is  being  made.  In  connection  wdth  this  problem, 
analyses  have  been  made  of  the  ga.ses  that  frequently  occur  in  hot  water 
heating  systems.  Their  composition  shows  a surprising  similarity  to  the  com- 
position of  the  foreign  gas  usually  found  in  absorption  systems. 

It  is  expected  to  use  the  apparatus  that  has  been  devised  for  imitating 
conditions  in  the  absorption  plant  for  the  same  purpose  with  regard  to  the 
compression  system.  It  is  realized  that  it  will  be  much  more  difficult  to 
obtain  the  e.xact  conditions  in  this  type  of  system,  and  it  is  hoped  that  it 
will  be  possible  to  install  a small  unit  compressor  for  this  purpose.  All  the 
factors  involved  in  the  gas  formation  will  be  carefully  studied  in  an  experi- 
mental way,  in  particular  the  relation  of  impurities  in  the  ammonia  and  the 
nature  of  the  oil  used  to  this  formation. 

The  interest  that  has  developed  in  regard  to  gas  formation  in  refrigerating 
systems  is  evidenced  by  recent  articles  in  Zcitschrift  fucr  gesamte  Kaclte 
Industrie  appearing  in  Germany.  Chief  among  these  is  an  article  by  Prof. 
R.  Planck,  treating  the  decomposition  of  ammonia  from  the  standpoint  of 
chemical  dynamics.  Previous  work  on  the  subject  is  critically  reviewed,  and 
though  no  new  experimental  data  are  presented,  it  is  a very  valuable  con- 
tribution to  the  literature  of  the  subject.  The  various  factors  that  influence 
the  rate  of  decomposition  are  discussed  and  their  relative  significance  made 
clear.  Recommendations  as  to  operation  in  order  to  avoid  decomposition  of 
ammonia  are  then  presented.  Several  important  considerations  have  been 
overlooked  in  the  author’s  consideration  of  the  subject;  for  example,  the 
possible  influence  of  moisture  introduced  into  the  system,  of  other  impurities 
in  the  ammonia,  and  the  relation  of  the  oil.  always  present,  to  the  gas  formed. 
The  author’s  theoretical  considerations  demand  that  the  composition  of  the 
gas  formed  be  75  per  cent  hydrogen  and  25  per  cent  nitrogen  by  volume ; that 
is,  the  stoichiometrical  relations  of  nitrogen  and  hydrogen  in  ammonia.  As  a 
matter  of  fact,  in  gases  that  have  been  analyzed  the  nitrogen  generally  exists 
in  a much  higher  percentage.  While  some  of  this  loss  of  hydrogen  may  pos- 
sibly be  due  to  faster  leakage,  it  is  probable  that  other  factors  are  at  work  in 
causing  gas  formation.  In  one  ca.se,  however,  the  amount  of  hydrogen  was 
much  greater  than  it  should  be.  if  there  was  merely  a straight  decomposition 
of  ammonia. 
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The  results  of  this  theoretical  paper  emphasize  the  need  of  a careful 
experimental  study  of  the  problem,  such  as  is  under  way  at  the  Bureau  of 
Standards. 

Referring  to  Mr.  McKelvy's  report  on  the  findings  at  the  absorption  plant 
in  Washington,  I understand  that  the  samples  of  gas  were  taken  when  it 
was  thought  to  be  necessary  to  purge  the  plant.  It  is  quite  evident  that,  with 
only  .5  per  cent  of  non-condensible  gas,  purging  w'ould  not  be  necessary.  The 
smaller  machine  had  a higher  percentage  of  non-condensible  gas,  but  this 
may  be  due  to  the  fact  that  the  absorbers  were  operated  under  different 
conditions.  Mr.  McKelvy  refers  in  his  report  to  analyses  of  gases  which 
frequently  occur  in  hot  water  heating  systems.  The  samples  of  the  gases 
were  taken  from  hot  water  radiators  in  his  residence,  and  it  is  interesting  to 
learn  that  their  composition  shows  similarity  to  composition  of  non-condensible 
gases  in  absorption  machines.  Mr.  McKelvy  told  me  that  the  gases  consisted 
of  hydrogen  and  nitrogen. 

In  thanking  Mr.  McKelvy  for  his  kind  preliminary  report,  the  committee 
wishes  to  express  the  hope  that  the  Bureau  of  Standards  will  soon  get  the 
small  compression  machine,  so  that  by  a year  from  now  it  will  be  able  to 
present  actual  facts  on  this  important  problem.  If  the  Society  can  be  of  any 
help  to  the  Bureau  in  obtaining  such  a plant,  it  certainly  would  be  very 
desirable. 

President  Doelling  remarked  about  the  important  work  the 
committee  had  before  it  and  felt  the  refrigerating  industry  should 
provide  the  Bureau  of  Standards  with  a half-ton  refrigerating  sys- 
tem, stating  that  he  was  willing  to  supply  the  compressor.  Theodore 
O.  \Tlter  promptly  agreed  to  supply  the  condenser  and  receiver; 
Henry  Torrance  the  expansion  piping  and  valve,  and  J.  S.  Louis, 
Cincinnati,  Ohio,  the  motor. 

President  Doelling  now  made  the  following  address: 

ADDRESS  BY  PRESIDENT  DOELLING 

The  beginning  of  my  address  must  be  dated  one  year  back,  to  the  Tenth 
Annual  Meeting  in  1914.  Through  circumstances  not  under  my  control  I was 
unable  to  be  present  at  that  time,  and,  therefore,  it  is  only  to-day  that  I can 
thank  you  personally  for  the  honor  you  bestowed  upon  me  in  making  me 
President  of  your  Society.  In  electing  me  you  took  great  chances,  because 
there  was  a possibility  that  I might  never  have  reached  the  United  States 
during  my  term  of  office,  and,  moreover,  you  elected  for  your  President  a 
man  absolutely  inexperienced  in  conducting  the  affairs  of  an  engineering 
society.  That  I am  here  is  due  to  the  fact  that  I,  too,  took  chances  in  re- 
turning to  the  United  States,  and  that  I was  able  to  perform  my  duties  as 
President  I owe  to  the  cheerful  cooperation  of  The  Council,  the  different 
committees,  and  last,  but  not  least,  of  our  able  and  experienced  Secretary, 
Mr,  Ross. 

The  development  of  the  Society  during  the  last  year  has  been  satisfactory. 
The  number  of  members  has  been  increased,  although  the  Membership  Com- 
mittee has  been  very  careful  in  its  recommendations  for  admission  of  new 
members.  The  finances  are  in  good  condition,  and  the  value  and  circulation  of 
The  Journal  are  increasing,  and  it  is  being  recognized  as  one  of  the  leading 
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scientific  publications  in  the  art  of  refrigeration.  The  Society  is  much  imiebted 
to  former  President,  Mr.  Henry  Torrance,  for  stimulating  the  issue  of  a 
journal,  for  The  Journal  is  the  best  means  of  bringing  before  the  public  the 
work  of  our  Society. 

In  the  course  of  this  year  we  had  the  proof  of  the  necessity  of  making 
the  existence  and  the  work  of  this  Society  more  generally  known.  The  Fire 
Department  of  the  City  of  Xew  York  had  attempted  to  issue  rules  and  regula- 
tions for  refrigerating  plants  of  all  kinds,  and  these  proposed  regulations  had 
been  drawn  in  such  a way  that  they  would  have  been  unnecessarily  cumber- 
some and  expensive  to  owners  of  refrigerating  plants.  The  Society  heard 
of  these  intended  regulations  only  a few  days  before  they  were  to  be  passed. 
A committee  was  at  once  appointed,  and  its  members  appeared  before  the 
Commission  and  succeeded  in  having  many  of  the  proposed  rules  changed  to 
a more  practical  form.  One  aim  of  our  Society  must  be  that  no  commission 
appointed  by  a State  or  a city  to  issue  regulations  for  refrigerating  plants 
should  do  so  without  asking  for  the  cooperation  of  our  Society,  because  there 
is  certainly  no  more  competent  and  representative  body  of  men  for  such  a 
task  in  this  country. 

I believe  it  is  desirable,  and  even  necessary,  to  establish  certain  rules  for 
the  safe  installation  and  management  of  refrigerating  plants,  but  they  should 
be  practical  and  reasonable,  so  as  not  to  hamper  and  hold  back  an  industry 
which  is  of  such  importance  and  so  indispensable  to  our  country  and  espe- 
cially our  big  cities.  We  have  now  a committee  on  Municipal  and  State  Rules 
and  Regulations  for  Refrigerating  Plants  and  Refrigerants.  I regard  it  as 
one  of  the  most  important  tasks  of  that  committee  to  work  out  such  regula- 
tions for  ice  plants,  cold  storage  warehouses,  breweries,  etc.,  to  be  used  by 
those  States  or  communities  which  intend  passing  regulations.  This  would 
secure  fair  treatment  for  all  parties  concerned,  and  would  avoid  the  possibility 
of  48  widely  different  State  regulations  with  “57”  more  varieties  for  the 
different  cities. 

I wish  to  add  another  recommendation.  Our  Society  is  entering  the 
twelfth  year  of  its  existence,  and  I believe  it  to  be  advisable  to  commence  the 
compilation  of  a chronicle  or  history  of  the  Society.  There  are  still  many 
charter  members  among  us  who  have  taken  an  active  part  in  the  development 
of  the  Societ3^  and  who  would  undoubtedly  be  willing  to  assist  in  collecting 
the  facts. 

In  accordance  with  the  rules  we  had  a meeting  in  the  West  this  year, 
which  was  held  in  San  Francisco  in  conjunction  with  the  International  Engi- 
neering Congress.  Thirty-five  members  were  present  at  the  meeting — not  a 
large  attendance,  but  satisfactory  considering  the  small  membership  on  the 
Pacific  Coast  and  the  great  distance  from  the  domiciles  of  the  great  majority 
of  our  members.  I believe  all  who  attended  the  meeting  considered  the  effort 
well  worth  while.  A number  of  good  papers  were  presented,  the  discussions 
were  interesting  and  the  social  part  of  the  meeting  was  most  enjoyable.  The 
preparations  for  the  meeting  were  in  the  hands  of  a committee  of  members  in 
San  Francisco  and  Los  Angeles,  and  we  are  greatly  indebted  to  them,  and 
especially  to  their  chairman,  Mr.  George  H.  Geisler,  for  their  work. 

On  our  trip  to  California  we  had  the  pleasure  of  visiting  several  raw 
water  ice  plants,  installed  during  the  last  two  years.  The  results  obtained  in 
all  of  these  plants  are  splendid,  and  the  owners  are  of  opinion  that  in  future 
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distilled  water  ice  plants  will  be  installed  only  where  special  conditions  demand 
them.  I believe  all  of  you  have  had  the  same  experience  here  in  the  East,  and 
the  fact  that  several  new  raw  water  can  ice  systems  have  been  developed,  and 
have  proved  their  reliability  in  practical  service,  is  of  the  greatest  importance 
from  an  engineering  and  an  economical  standpoint.  I regard  it  the  greatest 
progress  made  in  a very  long  time  in  our  branch  of  engineering. 

With  the  general  introduction  of  the  raw  water  ice  plant,  a new  impetus 
has  been  given  to  the  installation  of  plants  of  high  economy.  With  distilled 
water  ice  plants  there  was  no  great  incentive  for  fuel  economy,  because  the 
amount  of  steam  used  by  single-cylinder  Corliss  engines  was  just  sufficient 
to  supply  the  necessary  distilled  water.  A coal  consumption  of  i ton  per 
6 tons  of  ice  manufactured  was  regarded  as  a good  performance.  In  plants 
of  large  capacity  the  coal  consumption  has  been  reduced  l)y  the  installation 
of  compound  condensing  engines  and  multiple  evaporators,  but  even  in  such 
plants  a ratio  of  i :io  is  a good  average. 

Raw  water  ice  plants,  however,  either  operating  with  superheated  steam  of 
i8o  to  200  pounds  of  pressure  and  poppet  valve  or  uniflow  engines,  or  using 
internal  combustion  engines  to  drive  the  compressor,  have  a fuel  consumption 
of  less  than  one-half  of  the  above  figures,  and  not  only  for  the  large  but  even 
■for  the  smaller  ice  plants.  In  the  future  the  fuel  cost  in  the  manufacture  of 
ice  will  become  a small  factor,  for  average  conditions  it  may  be  between  20 
and  30  cents  per  ton  of  ice  and  for  favorable  conditions  it  may  go  below 
10  cents. 

This  reduction  in  the  fuel  expense  will  decrease  the  cost  of  production 
and  an  increase  in  the  use  of  manufactured  ice  will  surely  follow  which  will  be 
beneficial  to  all  concerned.  The  public  will  receive  cheaper  ice,  the  ice  con- 
sumption will  increase,  the  owners  of  ice  plants  will  have  a broader  and  more 
stable  market,  and  the  engineers  and  manufacturers  will  do  more  business. 

But  the  greatest  advantage  I see  to  the  refrigerating  engineer,  in  the 
increasing  demand  for  plants  of  high  economy,  is  the  encouragement  and 
necessity  for  better  engineering  and  l>etter  management  of  ice  plant.s,  which 
will  thus  enable  us  to  contribute  our  share  to  the  great  movement  of  the 
day — Efficiency. 

In  closing  my  address,  allow  me,  gentlemen,  to  use  the  words  of  late 
President  Edgar  Penney.  In  his  address  in  1908  he  expressed  my  own  view's 
and  feelings  so  completely  and  so  well  that  I think  it  better  to  repeat  them 
than  to  give  you  a poorer  substitute.  President  Penney  said : 

“Permit  me  to  call  attention  to  the  unusual  excellence  of  the  papers  to  be 
presented  at  our  professional  sessions,  and  to  suggest,  owing  to  the  length  of 
our  programme,  that  all  discussion  be  well  considered  and  to  the  point, 
strictly  follow'ing  the  subject  matter  of  the  paper. 

“I  trust  and  request  that  all  personalities  and  irrelevant  remarks  be 
omitted.  Please  do  not  understand  me  to  mean  that  per.sonal  opinion  should 
not  find  expression — only  the  manner  of  presentation. 

“This  is  a meeting  of  engineers  for  the  purpose  of  personal  interchange 
of  knowledge  pertaining  to  our  profession,  and  should  be  conducted  in  har- 
mony and  with  dignity.*' 

The  report  of  the  Committee  on  Sugge.sting  a Standard  Basis 
for  Finding  the  Fuel  Economy  of  Steam-Driven  Can  Ice  Manufac- 
turing Plants  was  now  presented  by  N.  H.  Hiller,  its  chairman. 
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The  proposed  suggestions  of  the  committee  were  taken  up  seriatim. 
With  slight  modications,  all  the  suggestions  of  the  committee  were 
accepted,  except  paragraphs  8 and  9.  The  seeming  impossibility 
of  the  meeting  to  agree  upon  the  text  of  these  two  paragraphs  re- 
sulted in  a motion  prevailing  referring  the  entire  reg^ilations  to  the 
next  annual  meeting  of  the  Society,  with  instructions  to  the  Secre- 
tary to  send  a copy  of  the  proposed  rules  to  each  member  of  the 
Society,  and  at  the  same  time  recjuest  suggestions  as  to  eliminations 
and  elaborations.  The  revised  report  is  as  follows: 


Revised  Rei*ort  of  Committee  on  Suggesti.ng  a Standard  Basis  for  Find- 
ing THE  Fuel  Economy  of  Steam-Driven  Can  Ice 
Manufacturing  Plants 

1.  Preliminary  Run — After  the  contractor  has  declared  that  the  plant  is 
ready  to  operate,  there  shall  be  a preliminary  run  of  at  least  lO  days  prior 
to  the  date  on  which  the  test  is  to  be  started,  for  the  purpose  of  standard- 
izing the  work  of  the  plant  and  getting  it  into  satisfactory  and  normal  con- 
dition before  the  starting  of  the  test.  During  the  last  72  hours  of  his  pre- 
liminary run  the  ice  shall  be  pulled  regularly  and  at  a rate  not  less  than 
the  capacity  specified  in  contract. 

2.  Duration  of  Test — The  test  run  shall  follow  directly  after  the  pre- 
liminary run,  and  its  duration  shall  be  at  least  five  days,  or  120  consecutive 
hours. 

3.  Condition  of  Plant — At  the  time  that  the  test  run  is  started  the  con- 
ditions of  the  plant  are  to  be  carefully  noted,  especially  the  temperature  of 
condensing  water,  temperature  of  brine  and  the  condition  of  the  ice  in  the 
tank.  .At  the  termination  of  the  test,  conditions  should  approach  those  at 
the  start  as  closely  as  possible,  particularly  in  the  temperature  of  the  brine 
and  the  condition  of  the  ice  in  the  tank. 

4.  Readings — The  readings  are  to  be  taken  every  30  minutes,  and  are 
to  consist  of  at  least  the  following: 

a.  Temperature  of  atmosphere  taken  outside  of  the  building  in  the 
shade. 

b.  Temperatures  of  condensing  water  at  condenser  inlet  and  outlet  from 
machine. 

c.  Weight  of  feed  water. 

d.  Temperature  of  brine  in  ice  tank  about  midway  between  top  and 
bottom. 

e.  Temperature  of  feed  water  entering  boiler. 

f.  Pressure,  temperature  and  dryness  of  the  steam  from  the  boilers. 

g.  High  and  low  pressures  of  the  refrigerating  medium. 

h.  Speed  of  refrigerating  mechanism. 

In  addition  to  these  readings  any  other  temperatures,  pres.sures  and 
data  that  may  be  thought  desirable  by  the  parties  at  interest  may  be  taken, 
but  it  is  considered  essential  that  the  above  readings  be  recorded.  Logs  to  be 
kept  in  duplicate  and  to  be  signed  by  the  representatives  of  owner  and  con- 
tractor, each  retaining  one  copy. 

5.  Method  of  Pulling  Ice — The  ice  is  to  be  drawn  at  regular  intervals 
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throughout  the  24  hours.  For  example,  assuming  that  100  blocks  are  to  be 
drawn  in  24  hours,  then  this  would  necessitate  pulling  the  ice  at  the  rate  of 
one  block  every  14.4  minutes,  or  two  blocks  every  28.8  minutes. 

6.  Over  Caf>acity — The  contractor  may  overdraw  capacity  each  daj'  as 
much  as  he  deems  his  plant  capable  of  handling,  providing  that  the  tempera- 
ture of  the  brine  is  not  increased  in  the  tank  and  that  the  ice  drawn  is  of 
full  weight,  and  does  not  contain  cuprs  exceeding  those  described  in  Article  7. 
The  determination  of  the  capacity  shall  be  based  on  the  average  of  the  ice 
pulled  for  the  entire  test. 

7.  Weight  of  Blocks  and  Limit  of  Cups — The  can  fillers  shall  be  ad- 
justed so  that  the  blocks  pulled  during  the  test  shall  not  weigh  less  than  2 
per  cent  under  or  more  than  2 per  cent  over  that  specified  in  the  contract  as 
the  standard  weight  per  cake.  The  size  of  cuj)s  shall  be  limited  to  an  opening 
that  will  hold  not  more  than  one  quart  of  water.  For  the  purpose  of  ascer- 
taining the  weight  of  the  ice  drawn,  every  tenth  pull  shall  be  weighed  during 
the  test  period,  and  an  arithmetical  average  of  same  shall  be  taken  and  used 
as  the  average  weight  of  the  ice  blocks  throughout  the  test. 

8.  Economy — When  it  is  desired  to  ascertain  the  economy  of  the  plant, 
such  determination  shall  be  made  during  the  period  of  the  capacity  test. 

This  economy  to  be  based  upon  the  ratio  between  the  pounds  of  ice  pro- 
duced and  the  weight  of  feed  water  used;  corrected  for  the  heat  equivalent 
of  the  steam  and  feed  water  as  compared  with  the  heat  in  dry  saturated 
steam  at  100  pounds  gauge  pressure  from  water  ut  60  degrees  F.,  this  being 
the  standard  heat  value  for  one  pound  of  steam  to  be  used  for  the  purpose 
of  economy  trials. 

The  feed  water  shall  be  weighed  throughout  the  whole  period  of  the 

test. 

9.  Preparation  for  Test — If  the  water  temperature  varies  to  any  marked 
degree  from  that  specified  in  contract,  the  amount  of  the  allowance  for  such 
variation  shall  be  determined,  and  the  parties  at  interest  shall  agree  upon  such 
allowance  prior  to  the  starting  of  test. 

It  will  be  the  duty  of  the  purchaser  to  see  that  the  apparatus  is  prop- 
erly cleaned  and  made  ready  for  test.  All  condensers,  either  steam  or  am- 
monia, and  other  cooling  coils,  shall  be  properly  cleaned  and  scaled.  The 
boiler  and  setting  is  to  be  put  in  proper  condition  and  thoroughly  cleaned- 
Any  insulation  of  steam  or  exhaust  or  other  exposed  pipes  to  be  completed 
by  the  party  furni.shing  the  same  under  the  contract.  The  purchaser  will 
also  furnish  the  scales  or  make  such  other  arrangements  as  are  necessary 
for  weighing  the  boiler  feed  water  and  ice.  All  other  apparatus  necessarj'^ 
for  making  test,  such  as  thermometers  or  pressure  gauges  not  necessary  for 
the  ordinary  operation  of  the  plant,  are  to  be  loaned  by  the  contractor  and 
disconnected  by  him  on  comjiletion  of  test.  Thermometers  and  gauges  used 
throughout  this  test  to  be  calibrated  before  and  at  the  completion  of  test. 

10.  Leaks — Any  leaks  in  steam,  exhaust,  blow-off  or  water  lines  that 
would  have  any  effect  upon  the  economy  or  capacity  of  the  plant  are  to  be 
properly  repaired  by  the  party  furnishing  the  same  before  the  test  is  started. 

11.  Arbitration — In  case  of  controversy  it  is  recommended  that  a com- 
mittee of  three  arbitrators  be  selected.  The  contractor  and  purchaser  to 
choose  one  arbitrator  each,  and  these  arbitrators  to  decide  between  them 
upon  an  umpire  or  third  arbitrator,  and  any  decision  arrived  at  by  this 
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board  of  arbitrators  shall  be  final.  The  expense  of  this  board  to  be  shared 
equally  by  the  contractor  and  the  purchaser,  and  all  these  arbitrators,  in 
order*  to  qualify,  shall  be  members  of  this  Society.  In  case  the  two  arbi- 
trators fail  to  agree  on  a third  arbitrator  within  30  days  of  their  appointment, 
then  the  acting  President  of  this  Society  shall  name  such  third  arbitrator. 

12.  Amendments — The  foregoing  rules  may  be  amended  at  any  regular 
or  special  meeting  of  the  Society,  by  a vote  of  the  majority  of  the  members 
present;  provided  that  publication  in  A.  S.  R.  E.  Journal  or  written  notice 
of  such  amendment  be  given  the  members  30  days  in  advance  of  meeting. 

Committee  on  Municipal  and  State  Rules  and  Regulations  for 
Refrigerating  IMants  and  Refrigerants — The  following  report  was 
made  by  its  chairman,  W.  Everett  Par.sons : 

The  Committee  on  Municipal  and  State  Rules  and  Regulations  for  Re- 
frigerating Plants  and  Refrigerants  begs  to  report  as  follows : 

Since  the  last  annual  meeting  of  our  Society  the  committee  has  held 
several  meetings  at  the  headquarters  of  the  Society  and  has  also  attended 
meetings  of  the  Hoard  of  Aldermen  of  New  York  City,  and  has  been  in- 
strumental in  having  a number  of  modifications  made  in  the  regulations  for 
New  York  City  as  drafted  a year  ago. 

The  regulations  as  finally  adopted  and  passed  by  the  Board  of  Aldemien 
of  New  York  City  on  May  ii,  1915,  are  published  in  the  A.  S.  R.  E.  Journal 
for  May,  1915. 

.'Mthough  our  committee  assisted  in  bringing  these  regulations  to  their 
final  form,  the  members  feel  that  there  is  room  for  improvement,  and  also 
that  better  results  might  have  been  accomplished  if  a committee  from  our 
Society  had  been  called  upon  to  assist  in  the  original  draft  of  the  regulations. 
Considering  this,  it  might  not  l>e  amiss  to  suggest  that  the  committee  be 
continued  with,  perhaps,  a new  membership,  who  will  introduce  new  ideas, 
.so  that  an  improved  set  of  standard  regulations  may  be  formulated  in  antici- 
pation of  the  action  of  other  municipalities  or  States,  in  order  that  the 
interests  of  the  various  industries  using  refrigerating  machinery  may  suffer 
the  lea.st  possible  inconvenience  when  such  regulations  go  into  effect. 

Regulations  of  this  kind  do  not  always  originate  from  the  same  source, 
nor  is  the  idea  always  conceived  with  the  same  objects  in  view.  For  instance, 
in  New  York  City  the  idea  originated  in  the  Fire  Prevention  Bureau,  with  the 
chief  object  the  protection  of  the  men  from  the  city  fire  department  while  at 
work  where  ammonia  is  used  for  refrigerating  purposes. 

Among  other  things  our  committee  arranged  to  have  the  regulations  cover 
refrigerating  machinery  and  apparatus*  using  other  refrigerants  besides 
ammonia.  In  case  of  a law,  recently  enacted  in  the  State  of  Masschusetts,  it 
would  seem  that  the  only  object  sought  was  the  safety  from  disruption  of 
ammonia  compressors  by  an  excess  of  pressure. 

Here,  again,  only  ammonia  as  a refrigerant  was  considered,  and  a special 
ammonia  safety  valve  has  been  devised  in  an  endeavor  to  meet  the  require- 
ments of  the  law.  This  valve  will  be  described  in  one  of  the  papers  to  be 
presented  at  this  meeting. 

The  members  of  the  committee  from  Massachusetts  will  be  able  to  inform 
you  more  fully  regarding  what  has  been  done  and  what  is  anticipated  in  their 
State. 
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As  mentioned  in  Chairman  Parsons’  report,  the  Massachusetts 
section  of  this  committee  and  others  were  co-operating  with  the 
Board  of  Boiler  Rules  of  Massachusetts  in  formulating  rules  to 
enforce  Chapter  467  of  the  Massachusetts  laws  of  1914,  relative  to 
safety  valves  as  applied  to  ammonia  compressors. 

The  report  of  the  Massachusetts  section  of  the  committee  on 
Municipal  and  State  Rules  and  Regulations  for  Refrigerating  Plants 
and  Refrigerants  was  made  by  F.  L.  Fairbanks  and  was  in  sub- 
stance as  follows: 

The  Massachusetts  Legislature  enacted  on  May  2,  1914,  a bill  requiring 
a safety  valve  on  every  ammonia  compressor,  and  specifying  that  the  regula- 
tions for  governing  the  construction  and  application  of  these  valves  be  formu- 
lated by  the  Board  of  Boiler  Rules,  and  that  the  enforcement  of  the  regula- 
tions be  under  the  supervision  of  the  Boiler  Inspection  Department.  The  law 
is  as  follows : 

Section  i.  It  shall  be  unlawful  to  use  an  ammonia  compressor  unless  it  is 
equipped  with  a safety  valve. 

Section  2.  The  Board  of  Boiler  Rules  shall,  within  ninety  days  after  the 
passage  of  this  act,  formulate  rules  for  the  size,  design,  location  and  piping 
of  safety  valves  on  ammonia  compressors. 

Section  3.  The  rules  so  formulated  shall  have  the  force  of  law,  and 
shall  be  printed  and  furnished  to  those  requesting  them  by  the  Boiler  In- 
spection Department. 

Section  4.  Any  changes  in  the  rules  as  formulated  by  the  Board  of  Boiler 
Rules  shall  be  made  in  accordance  with  section  twenty-six  of  chapter  four 
hundred  and  sixty-five  of  the  acts  of  the  year  nineteen  hundred  and  seven, 
as  amended  by  section  two  of  chapter  three  hundred  and  ninety-three  of  the 
acts  of  the  year  nineteen  hundred  and  nine. 

Section  5.  The  provisions  of  this  act  shall  be  enforced  by  the  Boiler 
Inspection  Department  of  the  district  police,  and  all  persons,  firms  or  cor- 
porations violating  the  provisions  of  this  act  shall  be  punished  in  accordance 
with  section  eighty-six  of  chapter  one  hundred  and  two  of  the  Revised  Laws, 
as  amended  by  section  three  of  chapter  three  hundred  and  ten  of  the  acts 
of  the  year  nineteen  hundred  and  five. 

Immediately  after  the  passage  of  the  bill  the  writer  was  requested  by  the 
Board  to  assist  them  in  the  work  of  preparing  a code  in  compliance  with  the 
law.  After  a conference  it  was  decided  to  make  a practical  test  of  the  dif- 
ferent valves  on  the  market,  with  a view  to  determining  their  merits  and 
capacities  as  well  as  their  defects. 

The  writer  offered  the  facilities  of  the  Sargent’s  Wharf  power  house 
of  the  Quincy  Market  Cold  Storage  & Warehouse  Company  for  such  tests, 
and  suggested  that  Professor  Miller,  of  the  Massachusetts  Institute  of  Tech- 
nology, and  Professor  Read,  of  the  Worcester  Polytechnic  Institute,  be  asked 
to  form,  wu'th  the  writer,  a committee  of  three  to  go  into  the  matter  thor- 
oughly and  report  its  conclusions  to  the  Board. 

This  was  carried  into  effect  immediately,  and  preparations  were  made  for 
not  only  a' thorough  working  test  of  well-known  makes  of  valves,  but  for 
determining  the  How  of  ammonia  through  orifices  and  the  resistance  to  flow 
in  pipe  lines,  etc. 

These  tests  extended  over  a period  of  more  than  six  months,  and  the 
results  were  accomplished  by  pumping  the  ammonia  gas  from  three  200-ton 
shell  coolers  with  a 400-ton  compressor,  and  discharging  the  gas  through  a ' 
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6-inch  header  to  the  suction  side  of  a i,ooo-ton  compressor,  hy  which  means 
it  was  possible  to  get  any  pressure  desired,  as  well  as  to  get  a sufficient  degree 
of  superheat  to  insure  having  a gas  temperature  so  high  that  its  character, 
while  under  observation,  would  be  constant  and  without  danger  to  a near 
approach  to  the  saturation  point. 

The  entrance  to  this  header  was  through  a calibrated  Napier’s  orifice,  and 
it  was  provided  with  valves,  test  gages,  oil  wells  for  test  thermometers,  outlets 
and  by-passes  for  attaching  the  safety  valves  to  be  tested. 

Si.x  different  ammonia  safety  valves,  of  as  many  well-known  makes,  were 
tested  under  the  different  conditions,  and  under  a wide  variation  of  pressures, 
most  of  the  tests  being  witnessed  by  members  of  the  Hoard  of  Boiler  Rules 
and  by  members  of  the  A.  S.  R.  Iv  committee. 

The  conclusions  drawn  from  these  tests  were  as  follows: 

I'irst — That  iron  or  steel  valves  with  iron  or  steel  seats  were  not  safe,  for 
the  reason  that  the  di.se  is  readily  corroded  to  its  seat  by  a small  amount  of 
moisture,  two  of  the  six  valves  tested  failing  to  oikmi  at  350  to  375  pounds, 
although  they  were  set  at  250  pounds. 

These  valves  upon  being  dissembled  were  found  to  be  rusted  solidly  to 
their  seats  and  the  winged  guide  in  the  port ; this  was  undoubtedly  due  to  the 
small  amount  of  moisture  left  by  the  steam  which  was  used  by  the  maker  to 
test  the  valve  and  set  the  spring,  notwithstanding  the  fact  that  the  rust  was 
perfectly  dry  when  the  valve  was  taken  apart  after  failing  to  open. 

Second — That  the  cast  iron  valve  discs  with  winged  guides  in  the  port 
would  not  stand  well  the  excessive  chattering  and  hammering  on  its  seat,  to 
which  most  of  the  valves  were  subject  when  opening  and  closing,  this  being 
due  to  the  surging  of  gas  pressure  which  is  always  present  in  the  discharge 
line  of  a compressor,  esi>ecially  at  the  higher  speeds. 

One  of  the  valves  broke  off  its  winged  guide  in  the  port  and  wedged  the 
disc  .so  that  the  line  had  to  be  shut  off;  on  e.xamination  showing  that  the 
metal  of  both  seat  and  guide,  which  were  of  cast  iron,  were  of  good  material 
and  .sound,  the  fracture  being  caused  by  the  heavy  chatter  and  pound  as  it 
opened  and  returned  to  its  seat. 

I'hird — That  the  capacity  of  all  the  valves  were  very  low  except  the  pop 
valve. 

Fourth — That  the  pop  valve  gave  practically  no  warning  of  when  it  was 
about  to  blow,  and  for  this  reason  would  be  dangerous  to  any  one  who  might 
be  in  the  path  of  the  discharge  when  it  opened. 

It  was  also  shown  that  the  seat  of  a pop  valve  could  not  stand  the  blow 
of  the  valve  when  closing  and  remain  tight. 

Fifth — That  none  of  the  valves,  notwithstanding  their  low  capacity,  could 
discharge  through  a pipe  line  as  tapped  in  their  discharge  outlet  and  maintain 
their  setting  and  character. 

It  w'as  shown  that  a 2-inch  valve  would  require  a 6-inch  pipe  connection 
to  carry  its  discharge  gas  the  first  100  feet  with  a proportionate  increase  for 
each  added  length,  and  this  without  taking  into  consideration  bends  or 
fittings,  which  w'ould  be  necessary  in  most  cases. 

Discharge  pipe  lines  wdth  test  gages  were  erected  so  that  this  feature 
could  be  dctinitely  demonstrated,  the  line  being  so  constructed  that  readings 
could  be  taken  for  both  50  feet  and  100  feet. 

The  regulations  as  written  were  based  upon  the  knowledge  gained  from 
these  tests,  and  it  was  then  found  that  to  comply  with  the  regulations  an 
entirely  different  form  of  safety  valve  from  any  obtainable  svould  have 
to  be  designed.  The  writer  w-as  selected  to  do  this  w'ork,  inasmuch  as  the 
valve  then  in  use  in  our  plants  required  only  minor  changes  to  enable  it  to 
meet  the  conditions  as  specified.  The  valve*  has  been  thoroughly  tested  out 
and  has  been  accepted,  and  is  now  available. 

* Tlic  Quincy  Market  Safety  Valve  for  .\mmonia  Coniprcssor.s,  A.  S.  R.  E.  Journal, 
November,  1915. 
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The  Massachusetts  Safety  Valve  Regulations  are  as  follows: 
MASSACHUSETTS  SAFETY  VALVE  REGULATIONS 

DEFINITION  OF  AMMONIA  COMPRESSOR 

1.  An  ammonia  compressor  is  any  device  which  is  capable  of  raising  the 
pressure  of  ammonia  gases  by  mechanical  compression,  and  which  is  designed, 
intended  and  used  for  such  purpose.  The  term  ammonia  compressor,  as  ap- 
plied to  these  rules,  is  intended  to  include  both  single  and  double  acting  t>T)es, 
with  one  or  more  compression  cylinders,  whether  they  be  of  the  reciprocating, 
rotary  or  centrifugal  type,  so  called,  or  a combination  of  either  or  all,  and  will 
be  considered  to  be  that  portion  of  the  apparatus  beginning  at  the  gas  intake 
connection  and  extending  as  far  as  the  first  stop  valve  on  the  discharge  pipe. 

DEFINITION  OF  SAFETY  VALVE 

2.  A safety  valve  under  these  rules  may  be  any  mechancial  device  which 
will  automatically  prevent  a pressure  in  excess  of  two  hundred  seventy-five 
(275)  pounds  per  square  inch  gage,  which  operates  by  allowing  the  escape  to 
the  atmosphere  of  the  ammonia  in  excess  of  that  pressure,  and  which  has  been 
formally  accepted  by  the  Massachusetts  Board  of  Boiler  Rules. 

COMPRESSOR  CAPACITY 

3.  The  capacity  of  an  ammonia  compressor  shall  be  taken  as  the  dis- 
placement per  minute  in  cubic  feet  at  the  maximum  speed  at  which  it  is 
operated. 

USE  OF  COMPRES.SOR 

4.  When  an  ammonia  compressor  is  u.sed  for  any  other  purpose  than  ice 
making  or  refrigeration,  the  conditions  shall  be  referred  to  the  Board  of 
Boiler  Rules. 

SAFETY  VALVE  LOCATION 

5.  (a)  Every  ammonia  compressor  shall  have  one  or  more  safety  valves 
located  on  the  discharge  side  of  the  compressor  and  between  the  displacing 
clement  or  elements  and  the  first  stop  valve,  and  be  of  such  size  and  adjust- 
ment that  the  pressure  cannot  exceed  two  hundred  seventy-five  (275)  pounds 
per  .square  inch  gage. 

(b)  There  shall  be  no  stop  valves  of  any  description  between  the  safety 
valve  or  valves  and  the  displacing  clement  or  elements. 

MATERIALS  AND  DESIGNS 

6.  Safety  valves  shall  l>e  con.structed  of  materials  which  are  not  likely  to 
be  corroded  by  either  the  gases  or  liquids  with  which  they  come  in  contact, 
and  shall  be  designed  with  an  ample  factor  of  safety  for  the  pressure,  vibration 
and  operation  to  which  they  may  be  subjected. 

SIZES 

7.  Safety  valves  which  discharge  to  the  atmo.sphere  shall  be  not  smaller 
than  one-half  inch  O/2")  nor  larger  than  two  inches  (2")  nominal  diameter, 
and  shall  be  of  the'  direct  spring-loaded  type,  but  not  what  is  known  as  a 
“pop”  valve. 

CAPACITY 

8.  If  mo;*e  than  one  safety  valve  is  used,  their  combined  capacity  shall 
be  taken  as  the  discharge  capacity  required  by  paragraph  21  of  these  rules. 

INLET  connection' 

9.  (fl)  Every  safety  valve  shall  have  a full  size  direct  ammonia  inlet 
connection  at  least  equal  in  area  to  the  nominal  inlet  of  said  valve. 

(b)  When  two  or  more  safety  valves  arc  used  on  a common  inlet  connec- 
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tion,  this  connection  shall  have  a cross-sectional  area  equal  to  or  greater  than 
the  combined  area  of  the  nominal  inlets  of  all  said  valves, 

10.  Safety  valves  shall  be  installed  with  as  short  an  inlet  connection  as 
practicable  to  avoid  serious  vibration  stresses,  and  extra  heavy  pipe  and 
fittings  shall  be  used. 

OPENING  PRE.SSURE 

11.  Safety  valves  must  begin  to  open  at  a gage  pressure  not  to  exceed 
two  hundred  fifty  (250)  pounds  per  square  inch;  and  the  lift  of  the  valve  disc 
from  its  seat  at  two  hundred  seventy-five  (275)  pounds  per  square  inch 
gage  pressure  shall  be  at  least  one-sixth  (1/6)  of  the  nominal  diameter  of  the 
valve. 

TE.STS 

12.  Each  safety  valve  shall  be  tested  and  set  by  the  maker  in  accordance 
with  these  rules,  before  shipment , from  the  factory,  and  stamped  MASSA- 
CHUSETTS STANDARD  AMMONIA  250-275  LBS.,  together  with  the 
maker’s  name ; and  when  .so  tested,  set  and  stamped,  the  bonnet  shall  be  sealed, 
preferably  with  a wire  and  a lead  seal  bearing  the  maker’s  name  and  date 
of  sealing. 

SEAL  NOT  TO  RE  BROKEN 

13.  After  leaving  the  maker,  the  seal  shall  not  be  broken  except  for 
necessary  testing  and  adjustment;  and  when  so  broken,  the  Boiler  Inspection 
Department  of  the  District  Police  shall  be  notified,  so  that  the  valve  may  be 
tested  and  properly  sealed  again  with  the  seal  of  said  department. 

SAFETY  valve  DISCHARGE 

14.  (a)  Every  ammonia  compressor  safety  valve  shall  discharge  the 
ammonia  to  a location,  and  in  such  manner,  as  not  to  endanger  life  or  become 
a public  nuisance.  The  discharge  pipe  shall  be  carried  at  least  ten  (10)  feet 
above  the  highest  opening  in  the  roof  of  the  building  in  which  the  ammonia 
compressor  is  located,  and  to  an  elevation  at  least  ten  (10)  feet  higher  than 
the  roofs  of  adjacent  buildings,  provided  such  adjacent  buildings  have  an 
opening  or  openings  in  the  walls,  through  which  ammonia  may  enter  the  in- 
terior of  the  said  buildings,  excepting  as  hereinafter  provided. 

(&)  A plant  having  not  more  than  twenty-five  (25)  pounds  of  ammonia 
in  its  working  .system  may  have  the  .safety  valves  discharge  into  an  areaway 
unrestricted  and  open  at  the  top,  or  into  an  open  space  betw’een  walls,  pro- 
vided such  opening  or  areaway  is  at  least  one  hundred  (100)  square  feet  in 
area,  and  that  the  discharge  pipe  is  located  at  least  six  (6)  feet  from  the 
nearest  wall  having  an  opening  into  the  interior;  also  that  the  discharge  end  of 
said  pipe  is  turned  upward. 

(c)  A plant  having  more  than  twenty-five  (25)  pounds  of  ammonia  in 
its  working  system  may  have  its  ammonia  safety  valve  or  valves  discharge  as 
herein  provided,  if  such  opening  or  areaway  and  such  discharge  pipe  outlet 
are  located,  from  the  neare.st  wall  having  an  oj>ening  into  the  interior,  not 
less  than  as  many  times  one  hundred  (100)  feet,  and  by  the  square  root  of  as 
many  times  six  (6)  feet,  respectively,  as  twenty-five  (25)  pounds  are  con- 
tained in  the  actual  working  charge:  it  being  intended,  in  all  cases,  to  have 
an  open  and  unrestricted  vertical  column  of  air  above  the  level  of  the  am- 
monia discharge  outlet,  the  horizontal  area  of  which  column  shall  be  not  less 
than  one  hundred  (100)  square  feet  multiplied  by  the  number  of  times 
twenty-five  (25)  pounds  are  contained  in  the  weight  of  ammonia  in  the 
working  system,  and  of  a horizontal  radius  not  less  than  six  (6)  feet  multiplied 
by  the  square  root  of  the  same  factor. 

(d)  The  ammonia  gases  may  discharge  into  a ventilating  stack,  the 
inside  diameter  of  which  is  at  least  twelve  (12)  times  the  efiameter  of  the 
ammonia  discharge  outlet;  the  first  possible  outlet  of  said  .stack,  above  the 
discharge  end  of  the  ammonia  pipe,  being  not  less  than  ten  (10)  feet  above 
the  roof,  or  as  before  provided  in  this  paragraph;  and  wdien  such  stack  is 
used  for  this  purpose,  the  discharge  end  of  the  ammonia  pipe  shall  be  turned 
upward. 

(e)  .^n  ammonia  discharge  pipe  shall  have  no  connection  whereby  the 
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gases  of  discharge  may  be  subject  to  ignition.  No  connection  shall  be  made 
to  any  pipe  which  is  a part  of  a steam  or  plumbing  system,  or  to  a pipe  or 
stack  which  is  likely  to  be  seriously  corroded  or  obstructed. 

DIFFUSER 

15.  (a)  When  ammonia  is  discharged  into  the  atmosphere  through  a 
pipe  other  than  a ventilating  stack,  a diffuser  shall  be  used  which  shall  be 
attached  to  the  upper  end  of  the  discharge  pipe.  This  diffuser  shall  be  of 
such  design  and  construction  that  there  may  be  no  restriction  of  the  flow  of 
gases,  the  purpose  of  this  diffuser  being  to  intermix  the  ammonia  gas  with  air, 
and  prevent  the  discharge  of  an  undiluted  column  of  ammonia  gas. 

lb)  The  design  of  this  diffuser  shall  be  such  that  the  diameter  of  the 
ammonia  nozzle  shall  be  approximately  the  same  as  the  nominal  diameter  of 
the  safety  valve  outlet. 

(c)  When  the  diffuser  is  used  as  the  outlet  for  more  than  one  safety 
valve,  the  area  of  the  ammonia  nozzle  shall  be  approximately  that  of  the  com- 
bined area  of  said  valves,  based  upon  the  nominal  diameter  of  their  outlet. 

(d)  The  combined  area  of  the  air  inlets  shall  be  approximately  double 
the  area  of  the  ammonia  nozzle;  and  the  total  discharge  area  shall  equal  the 
combined  areas  of  the  air  inlets  and  the  ammonia  nozzle. 

(e)  The  diffuser  shall  be  attached  in  a vertical  ix)sition,  and  be  of  such 
design  and  construction  as  to  prevent  obstruction  of  its  openings  by  rain, 
snow,  ice  or  otherwise;  and  it  shall  be  constructed  of  material  which  is  not 
likely  to  be  seriously  corroded  by  either  the  gases  or  liquids  with  which  it 
comes  in  contact.  It  must  also  be  accepted  by  the  Massachusetts  Board  of 
Boiler  Rules,  be  stamped  MASSACHUSETTS  STAND.^RD  and  with  the 
maker’s  name. 

(/)  The  type  of  diffuser  which  will  be  satisfactory  to  the  said  Board  is 
one  embodying  the  principles  shown  in  Fig.  i. 

ATTENDANCE  AND  MEANS  OF  ESCAPE 

16.  If  the  ammonia  compressor,  while  in  operation,  is  under  the  super- 
vision of  an  operator  in  attendance  at  all  times,  the  safety  valves  may  dis- 
charge directly  into  the  compressor  room,  proidded  there  shall  be  no  persons 
in  the  building  containing  said  ammonia  compressor  except  those  directly 
connected  with  the  operation  of  said  compressor  plant,  and  provided  also  that 
there  are  ample  means  of  exit  for  persons  who  may  be  in  the  building  in 
which  said  ammonia  compres.sor  is  located. 

TAPPI.NG 

17.  Safety  valves  must  have  a one-fourth  inch  {%")  pipe  tapping  on  the 
discharge  side  of  the  valve  disc,  which  tapping  shall  be  closed  with  a pipe 
plug,  except  when  the  opening  is  used  for  the  purpose  of  testing  the  valve. 

Discharge  Pipe 

CONNECTION 

18.  The  discharge  pipe  connection  to  the  safety  valve  shall  be  made 
as  flexible  as  practicable,  be  connected  with  the  least  number  of  fittings,  and 
in  such  manner  as  to  prevent  damage  to  the  safety  valve  or  its  connections, 
by  vibration  or  other  stresses  likely  to  be  transmitted. 

.metals 

19.  The  safety  valve  discharge  connections  shall  be  of  metal  or  metals 
not  likely  to  be  seriou.sly  corroded  by  the  gases  or  liquids  with  which  they 
come  in  contact,  iron  or  steel  being  acceptable  for  this  purpose. 

sizes  and  lengths 

20.  (a)  The  area  of  the  discharge  pipe  from  a safety  valve  shall  be  not 
le.ss  than  the  area  of  the  nominal  discharge  outlet  of  said  valve  in  accordance 
with  the  table  given  herein ; not  less  than  this  size  of  pipe  shall  be  continued 
for  the  first  one  hundred  (100)  feet  of  pipe  or  fraction  thereof,  and  for 
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lengths  of  over  one  hundred  ( ico)  feet,  the  pipe  shall  increase  one  pipe  size 
for  each  one  hundred  (loo)  feet  or  fraction  thereof. 

(b)  When  more  than  one  safety  valve  discharges  into  a common  dis- 
charge pipe,  the  area  of  said  common  pipe  shall  be  at  least  equal  to  the  sum 
of  the  areas  of  the  individual  discharge  pipes  of  said  valves:  not  less  than 
this  area  of  the  common  discharge  pipe  shall  be  continued  to  a point  one 
hundred  (lOo)  feet  in  pipe  length  or  fraction  thereof  from  the  farthest  safety 
valve,  after  which  point  the  pipe  shall  be  increased  one  pipe  size  for  each 
one  hundred  (lOO)  feet  additional  length  or  fraction  thereof. 

(c)  It  is  intended  that  there  shall  be  no  reduction  or  restriction  of 
area  of  the  discharge  pipe  or  pipes,  as  here  given,  except  as  provided  in 
paragraph  15,  and  that  no  elbow  or  tee  shall  be  allowed  in  any  discharge  pipe 
line. 

(d)  Where  a change  of  direction  is  necessary  a bend  equal  in  radius  to 
at  least  five  (5)  pipe  diameters  shall  be  used;  and  when  more  than  one  safety 
valve  is  connected  to  a common  discharge  pipe,  the  connecting  fitting  shall 
be  a “Y,”  but  not  a tee. 

(e)  Safety  valves  must  have  their  discharge  outlets  tapped  or  flanged 
for  pipe  connections  as  follows: 


Outlet 

Valve  (Inches)  (Inches) 

’/i I 

H 

1 1V2 

1% 2 

2l4 

2 3 


(/)  The  type  of  safety  valve  which  will  be  satisfactory  to  the  Massachu- 
setts Board  of  Boiler  Rules  is  one  embodying  the  principles  shown  in  Fig.  2. 
In  this  valve  the  pressure  in  the  casing  above  the  valve  disc  shall  not  be 
allowed  to  build  up  a pressure  exceeding  five  (5)  pounds  gage  to  the  square 
inch  on  the  back  of  the  valve  disc,  this  space  being  vented  to  the  atmosphere 
through  a suitable  connection,  in  accordance  with  the  provisions  of  paragraph 
fourteen  (14). 

MINIMUM  SIZE.S 

21.  Minimum  sizes  of  safety  valves  to  be  used  on  any  ammonia  com- 
pressor, based  upon  cubic  feet  displacement  per  minute,  shall  be  as  follows: 

Allowable 

Displacement 

Size  of  Safety  Valve,  Nominal  Diameter  (Ins.)  (Cubic  Feet) 


V2 120 

H 280 

I 510 

830 

i\6 1 ,200 


2 2,120 

BY-P.\SS  \ ALVE 

22.  (a)  .An  automatic  by-pass  valve  may  be  used,  adjusted  to  operate 

at  any  gage  pressure  under  two  hundred  fifty  (250)  pounds  per  square  inch; 
but  this  valve  shall  not  be  accepted  as  the  safety  valve  specified  in  para- 
graph five  (5.)-  , 

(b)  Thi.s  by-pass  valve,  when  used,  shall  conform  in  design,  material 
and  construction  to  the  specifications  given  in  paragraph  six  (6). 

Emergency  Instructions 

.Amnionia  is  colorless  as  a gas,  with  a very  pungent  and  penetrating  odor. 
Its  .specific  gravity  is  .589,  or  about  one-half  as  heavy  as  air,  and  therefore  it 
has  a tendency  to  rise.  Advantage  may  be  taken  of  this  property,  and 
wherever  ammonia  is  escaping  into  still  air,  the  better  air  will  usually  be 
found  at  the  lower  levels. 
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This  feature  should  not  be  depended  upon,  however,  for  the  reason  that 
ammonia  gas  mixes  with  moving  air  readily  and  in  proportion  to  the  humidity, 
the  moisture  in  the  air  absorbing  the  ammonia  gas  and  carrying  it  to  all  points 
affected  by  the  air  movement. 

If  a helmet  is  not  at  hand,  a thick  towel  saturated  with  vinegar,  and 
fastened  over  the  mouth  and  nose,  will  enable  the  operator  to  remain  in  the 
gas  until  the  acid  of  the  vinegar  has  been  neutralized  by  the  alkali  of  the 
ammonia,  the  time  depending  upon  the  amount  of  vinegar  the  towel  will  hold, 
which  is  generally  from  two  to  five  minutes.  A gallon  of  strong  vinegar 
should  be  kept  on  hand  for  this  purpose. 

Ammonia  causes  irritation  and  congestion  of  the  lungs  and  bronchial 
tubes,  violent  coughing,  vomiting,  etc.,  and,  when  breathed  in  sufficient  quan- 
tity, suffffocation  and  death. 

In  case  of  partial  or  total  suffocation  by  amrnonia  gas,  remove  the  victim 
from  the  gaseous  atmosphere  at  once,  carrying  him  quickly  to  fresh,  moving 
air  if  possible,  and  immediately  give  manual  artificial  respiration.  Do  not  stop 
to  loosen  clothing,  or  otherwise  lose  time,  as  every  moment  of  delay  is 
serious. 

Call  the  nearest  doctor  immediately. 

If  approved  mechanical  devices  for  artificial  respiration  are  at  hand,  they 
should  be  used;  but  the  manual  method  should  be  applied  at  once,  until  the 
mechanical  device  is  ready  to  apply  or  the  doctor  arrives  to  take  charge  of 
the  case. 

As  soon  as  possible  after  starting  artificial  respiration  the  clothing  should 
be  loosened,  as  well  as  any  other  restriction  to  the  breathing  or  circulation 
of  the  victim. 

Oxygen  should  be  given  as  soon  as  possible,  to  displace  the  ammonia  gas 
in  the  lungs,  the  use  of  the  oxygen  to  be  discontinued  as  soon  as  the  patient 
shall  have  revived  and  received  plenty  of  fresh  air. 

Artificial  respiration  should  be  kept  up  for  a long  time,  if  necessary,  cases 
of  resuscitation  being  on  record  where  favorable  results  were  not  obtained 
until  after  two  hours  had  passed. 

If  natural  breathing  stops  after  being  restored  use  artificial  re.spiration 
again. 

Do  not  give  the  patient  any  liquid  by  mouth  until  he  is  fully  conscious, 
after  which  he  should  be  given  mild  stimulants  and  mildly  acid  drinks 
(vinegar  and  water  being  excellent),  to  neutralize  the  ammonia  absorbed  by 
his  system. 

Give  him  at  all  times  plenty  of  fresh  air  and  keep  the  body  warm. 

The  handling  of  liquid  anhydrous  ammonia  is  attended  with  very  much 
greater  danger  than  the  gas,  for  the  reason  that  a portion  of  the  liquid  in- 
stantly becomes  strong  gas,  which  is  constantly  increasing,  while  the  liquid 
itself,  if  it  touches  the  flesh,  produces  a condition,  by  freezing,  which  is  much 
the  same  in  effect  as  severe  burns  caused  by  sulphuric  acid  or  scalding  water. 
This  is  particularly  true  where  the  liquid  reaches  the  flesh  through  the  cloth- 
ing, as  the  clothing  acts  like  a reservoir  much  the  same  as  with  scalding  hot 
water.  For  these  reasons,  a leak  of  the  liquid  should  never  be  approached 
unless  the  body  is  protected  by  clothing  enough  to  prevent  the  low  tempera- 
ture of  the  evaporating  liquid  from  reaching  the  flesh ; there  should  also  be 
over  the  clothing  a liquid-proof  covering  which  will  prevent  the  liquid 
ammonia  from  soaking  through.  Ordinary  woolen  clothing  covered  by  a 
rubber  coat  and  rubber  boots  will  answer  for  the  average  small  leaks. 

In  addition  to  this,  the  face,  eyes  and  lungs  must  be  protected  against 
both  liquid  and  gas,  preferably  by  an  approved  liquid  and  gas-proof  helmet, 
which  will  provide  air  or  oxygen  for  breathing  for  a sufficient  length  of  time 
to  enable  the  operator  to  get  to  the  trouble,  apply  the  remedy  and  get  back 
to  a place  of  safety. 

It  is  especially  dangerous  for  a layman  to  attempt  to  handle  a leak  of 
liquid  ammonia. 

One  of  the  safest  methods  is  to  cover  the  leak  with  as  large  a stream  of 
cold  (not  hot)  water  as  possible,  until  the  proper  valve  can  be  shut  and  the 
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leak  has  stopped.  This  is  also  true  of  a gas  leak  if  it  can  be  located  and 
cannot  be  handled  otherwise. 

A fire  hose  with  the  stream  of  water  covering  the  leak  will  ab.sorb  the 
ammonia  readily,  and  is  one  of  the  best  methods  of  handling  a serious  leak 
when  other  means  fail. 

The  following  four  papers  were  also  presented  at  this  session : 

The  Flow  of  Superheated  Ammonia  Gas  through  Orifices. 
Edward  F.  Miller,  Boston,  Mass. 

Quincy  Market  Safety  \"alve  for  Ammonia  Compressors.  F. 
L.  Fairbanks,  Boston,  Mass. 

A New  Style  of  Steam  Safety  Valve.  G.  H.  Clark,  Boston, 
Mass. 

The  Loss  of  Ammonia  at  Compressor  Stuffing  Box.  Louis 
Block,  New  York,  N.  Y. 

The  .session  then  adjourned. 

Third  Session,  Monday  Evening,  December  6 

The  third  session  of  the  meeting  was  called  to  order  at  about 
8 o’clock  P.  M.,  and  the  following  papers  were  presented : 

The  Testing  of  Thermal  Insulators.  H.  C.  Dickinson,  Bureau 
of  Standards,  Washington,  D.  C. 

Preliminary  Measurements  of  the  Specific  Volume  of  Anhy- 
drous Ammonia.  D.  R.  Harper,  Bureau  of  Standards,  Washington, 
D.  C. 

The  Work  of  the  Bureau  of  Standards  on  Constants  of  Refrig- 
eration. H.  C.  Dickinson,  Bureau  of  Standards,  Washington,  D.  C. 

Dr.  S.  W.  Stratton,  Chief  of  the  Bureau  of  Standards,  also 
made  a few  remarks  on  the  cooperation  prevailing  among  the  var- 
ious physicists,  chemists,  etc.,  employed  by  the  Bureau  of  Standards, 
which  he  felt  was  largely  responsible  for  the  .splendid  work  done 
by  the  Bureau. 

The  session  then  adjourned. 

Fourth  Session,  Tuesday  Morning,  December  7 

The  fourth  session  of  the  meeting  was  called  to  order  at  about 
9:30  o’clock  A.  M.  and  the  following  papers  were  presented: 

The  Refrigerating  Engineer.  John  E.  Starr,  New  York,  N.  Y. 

The  Present  Status  of  Brewery  Refrigeration.  Peter  Neff, 
Canton,  Ohio. 

Boiler  Room  Economies.  F.  E.  Matthews,  Leonia,  N.  J. 

Apparatus  for  Tapping  Ammonia  Lines  under  Pressure.  F. 
W.  Frerichs,  St.  Louis,  Mo. 

The  session  then  adjourned  for  luncheon  at  the  Engineers  Club. 

Fifth  Session,  Tuesday  Afternoon,  December  7 

The  meeting  was  called  to  order  at  about  2 o’clock.  The  fol- 
lowing papers  were  presented: 

Effect  of  Velocity  and  Humidity  of  Air  on  Heat  Transmis- 
sions through  Building  Materials.  J.  A.  Moyer,  State  College,  Pa. 
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Steam  Economy  of  an  Absoq>tion  Refrigerating  Machine. 
Clarence  W.  Vogt,  Louisville,  Ky. 

Temperatures  of  Fruits  and  V^egetables  in  Transit  in  Refrigera- 
tor Cars.  S.  J.  Dennis  and  W.  E.  Mosher,  U.  S.  Department  of 
Agriculture,  Washington,  D.  C. 

At  the  Tenth  Annual  Meeting  in  1914,  F.  L.  Fairbanks,  Boston, 
Mass.,  presented  a paper  on  “Design,  Construction  and  Operation 
of  a Thousand  Ton  Ammonia  Compression  Refrigerating  Machine,” 
and,  as  time  would  not  permit  a discussion  on  it  when  presented. 
President  Doelling  permitted  a discussion  on  it  at  this  meeting. 

The  session  then  adjourned. 

Sixth  Session,  Wednesday  Morning,  December  8 

The  sixth  and  final  session  of  the  meeting  was  called  to  order 
at  about  9 :3c  o’clock  A.  M.  and  the  following  papers  were  presented  : 

Equations  for  Ammonia  Based  on  New  Experimental  Material. 
Frederick  G.  Keyes,  Hoboken,  N.  J. 

A Theory  on  Cooling  Towers  Compared  with  Results  in  Prac- 
tice. B.  H.  Coffey  and  George  A.  Horne,  New  York,  N.  Y. 

Recent  Developments  in  the  Study  of  Corrosion  in  Concrete 
Buildings  and  Pipe  Lines.  Morgan  B.  Smith,  Detroit,  jMich. 

Ammonia  Condenser  Data.  Henry  Torrance,  New  York,  N.  Y. 

The  report  of  the  Resolutions  Committee  was  the  next  order 
of  business.  It  follows: 

REPORT  OF  THE  RESOLUTIONS  COMMITTEE 

The  American  Society  of  Refrigerating  Engineers  and  the  engineering 
profession  has  sustained  a distinct  and  irreparable  loss  through  the  deaths  of 

A.  P.  Criswell, 

J.  E.  Quigley, 

W.  J.  Webber, 

B.  F.  Daly, 

Thomas  L.  Rankin, 

which  are  recorded  with  profound  sorrow. 

It  is  therefore  fitting  that  the  members  of  the  Society,  in  convention 
assembled,  pause  in  their  deliberations  to  pay  tribute  to  the  memory  of  the 
departed. 

These  men  who  have  contributed  much  to  the  advancement  of  the  art  of 
refrigeration  and  the  welfare  of  the  Society  and  will  always  be  remembered 
with  respect  and  affection.  We  feel  keenly  the  loss  of  their  wise  counsel 
and  warm  companionship  and  extend  our  sincere  .sympathy  to  the  family 
and  business  associates  of  the  deceased. 

Respectfully  submitted, 

(Signed)  J.  F.  Nickek.son,  Chairman. 

F.  E.  Matthews. 

Karl  Ve.sterd.\hl. 

Before  adjourning,  a resolution  prevailed  extending  a vote  of 
thanks  to  Retiring  President  Doelling  for  his  valued  .services  to 
the  Society. 

The  meeting  then  adjourned. 


W.  H.  Ross,  Secretary. 
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The  Ikxnouet 

The  annual  dinner  of  the  Society  was  held  at  the  Hotel  Mar- 
tinique, New  York.  N.  Y.,  on  Tuesday  evening,  December  7.  .About 
one  hundred  member.^  and  guests  enjoyed  the  occasion.  After  the 
dinner  the  following  two  illustrated  lectures  were  presented : 

Safety  Pays.  Dr.  Wdlliam  H.  Tolman,  Director  of  The  .Amer- 
ican Museum  of  Safety. 

The  Cork  Industry.  H.  \V.  Prentiss,  Jr.,  Pittsburgh,  Pa. 

Addresses  were  also  made  by  tbe  following,  with  John  E.  Starr 
acting  as  toastma.ster ; President-elect  \dlter;  H.  C.  Dickinson, 
Wa.shington,  D.  C. ; J.  II.  Stone,  Palamos,  .Spain,  and  E.\-lVesident 
Doelling. 
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BOILER  ROOM  ECONOMIES* 

By  F.  E.  Matthews,  Leon’ia,  N.  J. 

W’e  are  living  in  an  age  of  alleged  engineering  efficiency. 
Although  the  practical  application  of  science  to  engineering  has 
been  the  most  important  factor  in  the  development  of  modern  civili- 
zation, of  which  refrigerating  engineering  is  justly  entitled  to  a lion’s 
share  for  supplying  means  of  j)rovisioning  e/i  route,  engineering 
should  not  clothe  itself  in  too  much  arrogance  until  it  has  been  able 
to  attain  an  absolute  thermal  efficiency  in  prime  movers  of  more  than 
the  usual  5 to  10  per  cent  from  coal  pile  to  crank  shaft,  and  more 
than  ]/2  ol  i per  cent  from  coal  pile  to  incandescent  light. 

The  step  preceding  the  prosecution  of  any  undertaking  should 
be  not  only  to  determine  whether  the  particular  undertaking  pro- 
posed is  worth  while,  but  to  what  extent  it  is  worth  while.  That 
efforts  for  higher  degree  of  economy  are  worth  while  is  clearly  shown 
in  Fig.  I.  AN'hile,  as  the  diagram  shows,  the  boiler  room  is  to  be 
held  responsible  for  less  than  half  of  the  thermal  difference  between 
the  heat  reciuircd  to  j)roduce,  and  the  heat  equivalent  to  a hor.se- 
])ower-hour,  the  possibilities  of  increased  economy  with  compara- 
tively small  outlay  seem  greater  than  in  any  other  part  of  the  plant. 

Unfortunately,  on  account  of  the  number  and  magnitude  of  dis- 
agreeable features,  the  average  steam-boiler  plant  is  too  frequently 
looked  upon  as  a much-to-be  deplored,  though  po.ssibly  necessary, 
evil;  a thing  to  be  endured  once  unkind  Fate  has  wished  it  onto  the 
unforunate  owner,  hut  to  be  per.sonally  avoided  except  in  cases  of 
the  most  dire  extremity.  This  feeling  is  i)rohably  most  prevalent  in 
the  office,  which  feels  that  it  purchases  exemption  from  personal  con- 
tact by  paying  its  numerous  bills.  Xor  is  this  the  extent  of  the 
feeling  of  unfriendliness.  It  is  often  to  be  found  to  no  .slight  de- 
gree in  the  operating  force  itself,  sometimes  apparently  including  the 
chief  engineer. 

It  has  been  said  that  “The  main  reason  for  tardiness  in  boiler 
improvement  probably  lies  in  the  fact  that  educated  engineers  are 
reluctant  to  do  the  dirty  and  disagreeable  work  involved  in  boiler 
tests.”^ 

* Read  at  Eleventh  Annual  Meeting,  New  York,  N.  V.,  neceinber  C,  7 and  8,  1915. 

^ The  Transmission  of  TIcat  Into  Ste.im  Boilers,  by  Henry  Kreisingcr;  Bulletin  18,  of 
the  Bureau  of  Mines,  from  which  the  author  quotes  freely  in  this  paper. 
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If  this  is  true,  as  it  probably  is,  even  of  more  or  less  scientifically 
conducted  boiler  tests  that  should  be  inherently  attractive  to  en- 
gineers, because  of  the  interesting  results  they  give,  a considerable 
per  cent  of  which  are  worked  out  by  manufacturers  under  the  spur 
of  close  competition,  what  of  the  every-day  operation,  when  the 
chief  engineer,  usually  the  only  man  who  is  even  supposed  to  know 
anything  about  the  technical  side  of  such  problems,  is  not  only  not 
technically  trained,  or  if  so  has  not  at  his  command  or  does  not  em- 
ploy, apparatus  and  systems  by  which  he  can  follow  the  actions 
taking  place  daily  and  hourly  in  the  boiler  room,  the  economy,  as  well 
as  the  safety,  of  which  is  placed  entirely  in  his  hands? 

To  those  of  a scientific  turn  of  mind,  or  at  least  to  those  to 
whom  too  much  familiarity  has  not  bred  contempt,  a boiler  room  is 
a laboratory  in  which  a never-ending  series  of  experiments  is  con- 
ducted, the  incidental  by-product  of  which  is  power.  If  only  in- 
complete, or  otherwise  inadequate,  records  of  these  experiments  are 
kept,  or  if  they  are  scientifically  and  systematically  kept,  but  not 
digested  and  intelligently  interpreted  into  such  practical  terms  as 
boiler-horse-power,  equivalent  evaporation,  efficiency,  and  dollars 
and  cents,  the  thing  of  economic  interest  is  lost  and  only  the  by- 
product power,  available  at  an  unknown  cost,  remains. 

To  attain  the  best  results  it  is  obviously  of . fundamental  im- 
portance that  the  director  of  the  experiments  have  at  least  a working 
knowledge  of  the  natural  laws  governing  the  physical  and  chemical 
actions  involved.  While  all  degrees  of  success  and  failure  reward 
the  efforts  of  the  man  who  has  not  these  important  assets,  that  he 
would  attain  better  results  had  he  possessed  them,  cannot  be  chal- 
lenged. On  the  other  hand,  the  man  who  has  only  this  knowledge, 
but  does  not  know  how  a shovelful  of  coal  should  be  spread,  and  can- 
not tell  by  looking  at  a fire  where  it  should  be  spread,  and  it  might 
almost  be  added  cannot  pick  up  a shovel  and  land  it  there,  may  not 
be  in  any  better  position  to  attain  the  maximum  efficiency  than  the 
man  who  lacks  the  technical,  but  j)ossesses  the  equally  necessary 
practical,  knowledge.  The  appallingly  wide  margin  of  loss  to  be 
overcome  furnishes  sufficient  motive  for  its  conquest,  but  the  for- 
midability  of  the  undertaking  must  not  be  underestimated. 

Laboratory  research  has  decided  advantages  over  that  con- 
ducted in  boiler  rooms  in  that  it  has  at  its  command  clean  apparatus, 
means  of  accurately  determining  the  exact  quantities  of  practically 
pure  materials  dealt  with  and  means  of  maintaining  comparatively 
constant  working  conditions.  In  the  boiler  room  heating  surfaces 
are  seldom,  if  ever,  clean,  both  the  coal  and  water  contain  numerous 
impurities  in  varying  percentages,  and  there  are  always  present  many 
variable  disturbing  outside  influences  tending  to  vitiate  results,  not 
the  least  among  which  may  be  mentioned  the  constantly  varying 
temperature,  pressure,  and  humidity  of  the  atmosphere.  Even  in 
the  adjoining  laboratory,  the  engine  room,  which  usually  has  the 
advantage  of  more  intelligent  supervision,  less  constant  vigilance  is 
required,  for  there  changes  in  working  conditions  are  less  rapid. 
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When  engine  valves,  for  example,  are  once  properly  adjusted  engine 
efficiencies  remain  practically  constant  for  a considerable  time  when 
not  prejudiced  by  the  falling  off  of  steam  pressures  or  superheat  for 
which  the  boiler  room  is  responsible. 

As  for  safety,  incidentally,  the  breaking  of  an  engine  part  can 
at  most  cause  no  worse  a disaster  than  a fly-wheel  explosion,  while 
not  only  the  breaking  of  a part,  but  the  slightest  neglect  of  the  fre- 
quently not  too  responsible  water  tender,  may  result  in  a boiler  ex- 
plosion liberating  more  energy  and  producing  far  more  disastrous 
results.  The  foregoing  digression  may  be  labeled  a plea  for  more 
intelligent  supervision  in  the  boiler  room.  The  common  custom  of 
graduating  men  from  the  firing  room  to  the  engine  room  may,  or  may 
not,  tend  to  relieve  the  feeling  of  antipathy  for  its  surroundings  and 
lack  the  ability  to  cope  with  its  problems.  Be  this  as  it  may,  it  does 
not  affect  the  financial  loss  which  the  owner  must  meet  as  the  price 
of  inefficiency  when  it  occurs. 

Scientific  boiler-room  management,  viewed  from  a commercial 
laboratory  standpoint,  should  have  for  its  first  object  the  determina- 
tion of  the  exact  working  conditions  under  which  the  investment  of 
a dollar  in  fuel  and  operating  expense  can  be  made  to  yield  the 
greatest  possible  return  in  heat  transported  to  the  engine  room  in 
the  vehicle  steam.  The  greatest  item  of  boiler-room  expense,  cost 
of  fuel,  will  have  to  be  reduced  principally  through  the  design  of 
more  efficient  boilers,  and  the  devising  of  more  scientific  methods  of 
operation.  This  can  be  done  only  through  greater  familiarity  with 
actual  specific  working  conditions  and  a better  understanding  of  the 
natural  laws  in  accordance  with  which  the  physical  and  chemical 
actions  and  reactions  involved  take  place. 

With  coal  of  a given  quality  at  a fixed  price,  the  most  im- 
portant factor  entering  into  the  cost  of  fuel  is  the  completeness  with 
which  the  two  actions,  heat  production  and  heat  absorption,  are 
carried  out.  Heat  production  through  that  particular  exothermic 
chemical  reaction  known  as  combustion,  and  the  absorption  of  heat 
so  liberated  in  the  furnace  gases,  by  the  wall.s  of  the  metallic  con- 
tainers unscientifically  known  as  boilers,  into  the  water  to  be  evapo- 
rated. 

Combustion,  Table  I,  is  the  aggregate  of  the  chemical  reactions 
by  which  the  constituents  of  the  fuel  combine  with  the  oxygen  of  the 
air  with  the  liberation  of  heat  and  light.  When  the  composition  of 
the  fuel  is  known  it  is  a simple  matter  to  determine  mathematically 
or  by  calorimetry  just  how  much  oxygen  will  be  required  for  its 
complete  oxidation  and  just  how  much  heat  will  be  evolved.  The 
problems  resulting  from  firing  a wet  mixture  of  coal  and  slate  onto 
a grate  which  not  only  allows  a considerable  portion  of  it  to  drop  to 
the  ash  pit  unburned,  but  in  the  general  case  admits  either  more  or 
less  oxygen  than  is  required  for  its  complete  combustion,  accom- 
panied by  its  inseparable  companions,  nitrogen  and  water  vapor ; the 
latter  in  variable  proportions  becomes  materially  more  complicated. 

The  most  grievously  transgressed  mechanical  law  is  that  gov- 


Table  I. — Data  on  Combustion 
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erning  the  proportion  of  chimneys  to  the  boilers  which  they  serve. 
The  initial  installations  are  not  usually  so  bad, but  as  the  requirements 
arise,  one  boiler  after  another  is  coupled  on  to  the  original  chimney 
until  the  once  possibly  efficient  plant  becomes  a veritable  gas  pro- 
ducer, the  flue  gases  being  so  rich  in  carbon-monoxide  that  it  has 
been  facetiously  said  that  they  might  almost  be  utilized  in  the  cylin- 
der of  a combustion  engine.  This  does  not  mean  that  it  is  not 
sometimes  eminently  advisable  to  add  additional  boiler  capacity  to 
originally  well-proportioned  chimneys.  In  fact,  it  can  sometimes  be 
done  with  considerable  increase  in  economy,  provided  the  engineer 
knows  exactly  what  he  is  doing. 

The  function  of  a chimney  is  to  hold  intact  a column  of  hot  and 
consequently  light  gases  of  such  a height  that  the  superior  weight  of 
the  outside  air  will  suffice  to  cause  it  to  flow  into  the  furnace,  ovci 
coming  the  resistance  offered  by  the  grates  and  burning  fuel  bed. 
If  the  chimney  be  relieved  of  the  duty  of  overcoming  this  resistance, 
which  may  be  accomplished  by  forced  draught  applied  under  the 
grates,  it  may  be  of  sufficient  capacity  to  look  after  two  or  three 
times  the  original  boiler-horse-power. 

It  is  obvious  that  whatever  the  source  of  draught,  it  must  be 
such  as  to  be  able  to  supply  somewhat  more  air  than  is  required  for 
complete  combustion  and  the  minimum  allowance  for  “dilution.’' 
Any  excess  supply  can  be  readily  cut  off  by  the  dampers  as  the  re- 
sults of  stack  gas  analysis  may  dictate. 

The  effect  of  insufficient  air  to  produce  complete  combustion  is 
suggested  by  the  fact  that,  whereas  14,540  B.t.u.  are  liberated  in  the 
burning  of  one  pound  of  carbon  to  carbon-dioxide,  only  4,350  B.t.u., 
or  less  than  30  per  cent  is  liberated  if  the  oxidation  process  only 
reaches  the  point  of  producing  carbon-monoxide.  This  loss  may  be 
due  to  lack  of  sufficient  air  supply,  but  it  may  also  arise  through  con- 
ditions under  which  sufficient  air  may  be  admitted  to  produce  com- 
plete combustion,  but  not  at  the  proper  time  or  place.  In  this  event, 
not  only  the  loss  due  to  the  liberation  of  only  30  per  cent  of  the  heat 
of  combustion  of  the  coal  has  to  be  reckoned  with,  but  the  re- 
frigerating effect  of  the  air  not  utilized,  as  well. 

A single  example  will  suffice  to  illustrate.  For  the  combustion 
of  a pound  of  14,000  B.t.u.  coal  12  pounds  of  air  will  be  required. 
Disregarding  the  water  vapors  formed  by  the  hydrogen  content  of  the 
coal,  there  will  be  about  three  pounds  of  carbon  dioxide  formed,  and 
there  will  be  about  nine  pounds  of  nitrogen  present,  requiring,  re- 
spectively, about  .63  and  2.16  B.t.u.  per  degree  rise  in  temperature. 
Since  the  coal  liberates  14,000  B.t.u.,  the  ultimate  temperature  re- 
sulting from  that  amount  of  heat  will  be  5,000  degrees  Fahr. 

Assuming  that  50  per  cent  excess  air  is  admitted  for  dilution, 
the  ultimate  temperature  will  be  materially  lower  because  of  the 
necessity  of  adding  six  pounds  additional  air  having  a specific  heat 
of  .237,  making  it  necessary  to  expend  4.2  B.t.u.  per  degree  rise  in 
temperature,  under  which  conditions  the  14,000  B.t.u,  of  heat  avail- 
able will  heat  the  gases  to  a temperature  of  only  3,333  degrees.  If 
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lOO  per  cent  dilution  is  allowed,  instead  of  50  per  cent,  the  resulting 
ultimate  temperature  will  be  only  2,500  degrees. 

The  transmission  of  heat  into  steam  boilers  is  a matter  that  has 
received  considerable  well-merited  attention  in  the  last  few  years; 
unquestionably  well  merited  when  it  is  realized  that,  as  was  pointed 
out  a few  years  ago,  “James  Watt  obtained  nearly  as  good  an  evapo- 
ration per  ton  of  coal  and  per  foot  of  evaporating  surface  as  is  ob- 
tained to-day.”-  A decade  ago  it  was  even  claimed  that  all  types  of 
boilers  were  capable  of  practically  the  same  degree  of  efficiency  when 
kept  clean  and  not  forced.  These  statements  would  be  open  to 
question  in  the  present  day  of  high  temperatures,  high  velocities, 
heavy  per  cent  overloads  and  often  proiiortionally  high  efficiencies. 

While  carbon-monoxide  is  a result  of  incompleteness  of  heat 
production,  excessive  air  is  a most  potent  cause  of  incompleteness  of 
heat  absorption.  Something  of  the  economic  importance  of  reduc- 
tion of  furnace  temperatures  due  to  excess  air  will  be  shown  pres- 
ently, for  the  effect  is  not  only  to  absorb  an  amount  of  heat  propor- 
tional to  the  range  in  temperature  through  which  it  is  heated,  but, 
what  is  worse,  to  reduce  the  ability  of  the  boiler-heating  surface  to 
absorb  the  remaining  heat. 

Heat  transmission  takes  place  in  three  distinctly  different  ways — 
radiation,  convection  and  conduction — each  in  accordance  with  laws 
of  its  own  not  applicable  to  the  other  two. 

A part  of  the  heat  evolved  in  the  combustion  of  coal,  in  excess 
of  that  expended  in  raising  the  temperature  of  the  rest  of  the  fuel 
up  to  the  kindling  point,  passes  to  the  boiler  by  radiation.  The  rest 
goes  to  raise  the  temperature  of  the  gaseous  products  of  combus- 
tion, atmospheric  nitrogen  entering  with  the  oxygen,  water  vapors 
and  excess  air,  which  impart  it  by  convection  to  the  boiler-heating 
surfaces  over  which  they  pass.  The  total  heat  received  by  the  out- 
side surface  of  the  boiler  by  radiation  and  convection  then  passes 
through  the  metallic  shell  and  usual  coating  of  scale  by  conduction. 
The  following  equation  gives  the  heat  transmitted  by  radiation  from 
a hot  to  a cold  surface  per  square  foot  per  minute,  when  the  hot  sur- 
face is  wholly  surrounded  by  the  cold  surface: 


Heat 

The  4th  power 

"”The  4th  power 

Btu  per 

2.6G 

of  the  absolute 

of  the  absolute 

sq.  ft. 

= 

F.  temp,  of  the 

— 

F.  temp,  of  the 

per  min. 

100,000,000,000 

hotter  surface — 

colder  surface — 

L (//)  J 

(C) 

L (T’’)  J 

L (n  J 

“Radiation  is  that  mode  of  heat  propagation  by  which  heat 
passes  through  space  from  one  body  to  another  without  any  material 
agency : the  two  bodies  do  not  come  into  contact  directly  nor  does 
a third  body  or  other  bodies  transmit  the  heat.  In  case  of  a furnace 
and  heating  plate  of  a boilei,  the  heat  from  the  hot  fuel  bed  and 
furnace  walls  flows  liy  radiation  through  the  space  filled  with  gases, 
without  heating  the  gases  appreciably,  directly  into  the  boiler  plate. 
The  quantity  of  heat  transmitted  by  radiation  would  not  be  lessened 
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if  the  gases  did  not  fill  the  space ; in  fact,  it  would  be  slightly  greater 
if  there  were  a vacuum  between  the  fuel  bed  and  the  plate.” 

■‘The  quantity  of  heat  which  a boiler  receives  by  radiation  in  a 
unit  of  time  will  be  taken  to  be  approximately  proportional  to  the 
diflPerence  between  the  fourth  powers  of  the  absolute  temperatures 
of  the  hot  parts  of  the  furnace  and  the  sooted  surface  of  the  boiler 
plate.” 

“Convection  of  heat  from  one  place  to  another  always  implies 
the  motion  of  a fluid  receiving  or  giving  up  the  heat.  Thus,  in  case 
of  the  hot  gases  and  the  boiler,  the  heat  is  transferred  from  the  gas 
to  the  heating  plate  by  small  particles  moving  from  the  body  of  the 
gas  to  the  plate  and  imparting  their  heat  to  the  latter  by  their  im  - 
pact upon  it.  In  other  words,  convection  is  the  constant  inter- 
change of  position  between  cooled  particles  (molecules)  of  gas  next 
to  the  heat-absorbing  surface  and  hotter  particles  within  the  body  of 
the  gas.” 

“In  modern  steam  boilers,  by  far  the  greater  percentage  of  the 
total  heat  absorbed  by  the  heating  surface  is  imparted  to  it  by  con- 
vection. Furthermore,  the  gases,  as  they  pass  along  the  heating 
surfaces,  are  cooled  by  convection,  and  therefore  the  degree  of  cool- 
ing of  the  gases  before  they  finally  leave  the  boiler  is  dependent  solely 
on  the  activity  of  convection.  Consequently,  convection  largely  de- 
termines the  efficiency  of  boilers.  The  rate  at  which  the  heat  is 
imparted  per  unit  of  surface  depends  on  the  number  of  gas  particles 
coming  in  contact  with  it.” 

The  equation  for  convection,  in  which  A and  B are  constants, 
depending  on  the  nature  of  the  gas  and  units  emjdoyed,  is : 


[Heat  “I  rOiffcrcnce  in  absolute"!  F 
Btu  per  sq.  st.  I _a  I temps.  F**.  between  I , Density  of 
per  minute  I ' I gas  and  metal  l'^“|  the  gas 
(£0  J L (T— to  J *-  (?) 


IVelocicy  of 
the  gas 
(r) 
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Velocity  is  used  in  the  above  equation  simply  as  an  index  to 
rate  of  agitation,  the  latter,  and  not  necessarily  the  former,  being 
responsible  for  increased  heat  transmission. 

“Conduction  of  heat  is  the  process  by  which  heat  flows  from  a 
hotter  body  to  a colder  one,  when  the  two  bodies  are  in  contact,  or 
from  a hotter  to  a colder  part  of  the  .same  body.  Conduction  im- 
plies no  visible  or  mechanical  motion  of  different  bodies  or  different 
parts  of  the  same  body,  but  implies  a direct  contact.  In  a boiler,  the 
heat  passes  by  conduction  from  the  particles  of  hot  gas  that  touch 
the  soot  coating,  into  the  soot  and  then  through  the  metal  and  the 
scale  into  the  particles  of  water  next  to  the  .scale.”  The  equation  for 
conduction  is : 


[Heat  Btu  per 
sq.  ft.  per  minute 
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The  object  in  introducing  the  above  etiiiations  is  simply  to 
show  what  are  the  controlling  factors  in  the  three  means  of  heat 
transmission  and  approximately  to  what  extent  they  operate.  In 
applying  these  formulae  to  boiler  problems,  it  must  be  remembered 
that  the  heat  generated  in  the  furnace  reaches  the  outside  of  the 
boiler-heating  surfaces  by  convection  and  radiation,  after  which  it 
is  transmitted  through  the  sheets,  tubes  and  scale  by  conduction. 
The  heat  thus  conveyed  to  the  inside  of  the  boiler  passes  to  the  ad- 
joining film  of  steam  and  water  by  conduction,  but  immediately 
bubbles  of  steam  are  formed,  which,  being  displaced  by  water,  carry 
the  large  quantities  of  heat  represented  by  the  latent  heat  of  vapori- 
zation away  from  the  heating  surfaces  by  convection.  Fig.  2 is  a 
graphical  means  of  representing  the  various  temperature  drops  in  the 
path  traversed  by  the  heat,  and  is  thought  to  be  fairly  representative 
of  practice.  This  figure  shows  very  strikingly  that  a wide  dif- 
ference in  temperature  is  necessary  to  induce  the  heat  to  pass  from 
the  hot  fuel  bed,  furnace  walls  and  luminous  flames  by  radiation 
from  the  hot  furnace  gases  by  convection  to  the  boiler-heating  sur- 
face. 

Equation  I indicates  that  heat  is  transmitted  by  radiation  in  pro- 
portion to  the  diflPerence  between  the  fourth  powers  of  the  absolute 
temperatures  of  the  object  radiated  from  and  that  radiated  to.  This 
indicates  that  the  quantity  of  heat  that  a boiler  will  absorb  by  radia- 
tion increases  rapidly  with  furnace  temperatures.  Assuming  the 
temperature  of  the  soot  coating  of  the  boiler  surfaces  to  be  540 
degrees  F.,  1,000  degrees  F.  absolute,  the  heat  which  it  will  absorb 
from  the  fuel  bed  of  the  ideal  temperatures  determined  above  for  the 
condition  of  o per  cent,  50  per  cent  and  100  per  cent  air  dilution,  will 
be  as  follows : 


Percent  Air  Dilution 

0% 

50% 

100% 

Increase  in  temperature  of  gases 

5,(KK) 

100 

3,333 

100 

2,500 

100 

Over  temperature  of  air 

Degrees  absolute — F.  zero 

460 

460 

460 

T Absolute  temperature  of  gases 

5,560 

1,000 

923 

3,893 

1,000 

229 

3,060 

1,000 

86 

t Absolute  temperature  of  boiier 

H Btu  radiated 

% Btu  radiated 

100 

24.8 

9.3 

The  elTect  of  50  per  cent  air  dilution  in  the  case  assumed  is 
to  reduce  the  heat  transmitted  by  radiation  to  24.8  per  cent  of  what 
it  was  with  the  exact  theoretical  quantity.  The  eflFect  of  100  per 
cent  air  dilution  is  to  reduce  the  radiation  to  9.3  per  cent. 

It  will  be  understood  that  these  ‘"ideal”  temperatures  cannot  be 
realized  in  practice  on  account  of  the  rapidity  with  which  the  heat 
is  transmitted  away  from  the  fuel  bed  by  radiation.  The  less  heat 
absorbed  by  radiation,  the  more  remains  to  be  absorbed  by  conduc- 
tion, but,  as  the  latter  is  proportional  to  the  difference  of  the  first 
powers  of  the  temperatures,  while  the  former  is  as  the  fourth 
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powers,  the  total  absorption  will  be  materially  less  in  the  case  of  the 
lower  temperatures. 

Equation  2 indicates  that  the  rate  at  which  heat  will  pass  by 
conduction  depends,  as  already  stated,  on  the  difference  of  the  first 
powers  of  the  temi)erature  and  also  on  the  density  and  velocity  of  the 
gas,  these  two  factors  determining  the  frequency  of  impact  of  gas 
molecules  on  the  heat-absorbing  surface.  It  will  be  noted,  however, 
that  the  density  of  the  gas  decreases  approximately  as  its  absolute 
temperature,  which  offsets  to  some  extent  the  effect  of  increased 
temperature. 

Equation  3 indicates  that  the  heat  transmitted  by  conduction  is 
proportional  to  the  conductivity  and  the  difference  of  the  first  powers 
of  the  absolute  temperturcs  of  the  dry  and  wet  surfaces  and  in- 
versely proportional  to  the  thickness  of  the  substance  t»-Rversed  by 
the  heat. 

As  is  graphically  indicated  in  I'ig.  2,  heat  conduction  is  so  rapid 
through  the  metal  plates  of  boilers  that  our  principal  concern  should 
be  not  with  getting  the  heat  through  the  plates,  or  even  from  the 
plates  into  the  water,  as  here  heat  transfer  is  greatly  facilitated  by 
the  presence  of  the  liquid,  but  with  getting  heat  from  the  fuel  bed 
and  hot  gases  into  the  plates.  Anything  that  will  tend  to  bring  the 
flue  gases  into  intimate  contact  with  the  heat-absorbing  surfaces 
after  allowing  sufficient  time  to  elapse  for  the  heat  to  pass  by  radia- 
tion will  act  to  increase  the  efficiency  of  the  boiler.  Such  conditions 
seem  to  call  for  liberal  furnace  and  combustion  chamber  volumes 
with  a low  bridge  wall  so  that  the  velocity  of  the  burning  gases  will 
be  slow  during  the  period  of  radiation ; numerous  long  tubes  of  small 
diameter  and  sufficient  draught,  either  forced  or  natural,  to  provide 
slightly  more  air  than  is  required  under  maximum  conditions.  As 
the  transmission  by  conduction  through  the  plates  and  scale  is  pro- 
portional to  the  difference  in  temperature  and  inversely  proportional 
to  the  resistance  offered  by  these  two  substances,  which  increase  di- 
rectly with  the  thickness,  it  is  obvious  that  the  best  efficiency  can  be 
obtained  when  both  the  tubes  and  the  scale  deposits  are  kept  as  thin 
as  possible. 

Again,  returning  to  the  question  of  air  dilution,  it  is  evident  that 
the  admission  of  air  which  refrigerates  the  products  of  combustion 
reduces  heat  transmission  by  both  conduction  and  radiation.  This 
indicates  the  importance  of  preventing  boiler-setting  leaks. 

The  foregoing  has  dealt  with  the  production  and  the  absorption 
of  heat.  In  dealing  with  the  general  subject  of  boiler-room  economy, 
the  first  place  to  look  for  a possible  saving  is  obviously  in  the  coal 
contract.  On  what  basis  and  after  what  investigations  were  its 
terms  fixed?  Were  all  possible  sources  of  coal  supply  investigated? 
Were  all  the  important  characteristics  of  the  coal  from  each  of  these 
sources  accurately  determined,  not  only  by  laboratory  tests,  but  also 
sufficiently  long  evaporation  tests  conducted  in  accordance  with  ac- 
cepted rules,  by  a dependable  engineer  familiar  with  the  conduction 
of  such  tests  and  alert  to  the  possibilities  of  the  various  kinds  of 
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coal?  Was  each  coal  fired  under  conditions  most  advantageous  to 
its  peculiar  characteristics?  VV'as  that  coal  purchased  which  pro- 
duced the  greatest  boiler-horse-power  per  dollar  fuel  and  labor  in- 
vestment? Is  it  not  possible  that  some  other  coal  making  a poorer 
showing  under  the  test  conditions  might,  with  properly  adapted 
boiler  setting  and  draught,  produce  cheaper  steam  than  the  coal  pur- 
chased? Is  the  coal  so  handled  that  it  contains  an  excess  of 
moisture  to  be  evaporated?  Is  there  an  excess  of  fixed  carbon  in 
the  ash  ? Does  the  fireman  handle  his  fires  in  the  best  possible  man- 
ner? Does  he  fire  frequently  and  evenly  on  a not  too  thick  fuel 
bed  ? How  is  it  known  that  this  is  the  case  ? Are  the  boiler-heating 
surfaces  clean  outside  and  in?  How  frequently  cleaned?  Are  the 
grates  adapted  to  the  coal  ? Are  they  kept  in  good  condition  so  that 
their  entire  area  is  active?  Does  the  fireman  run  water  into  the  ash 
])its?  Is  the  feed-water  as  free  from  scale-forming  matter  as  can  be 
obtained  without  prohibitive  cost?  Would  fuel  loss  due  to  scale 
pay  for  water  purification?  Is  this  definitely  known?  Does  the 
feed-water  pass  to  the  boiler  at  the  highest  temperature  that  un- 
utilized steam  will  produce  ? Are  there  preventable  air  leaks,  steam 
leaks  or  heat  leaks  anywhere? 

In  looking  for  leaks  in  a manufacturing  business  one  of  the 
first  places  to  be  inspected  by  the  old,  horse-sense  industrial  en- 
gineer, before  the  advent  of  his  efficiency  successor,  was  the  scrap- 
heap.  The  cinder  pile,  in  so  far  as  it  goes,  is  to  the  power  plant 
what  the  scrap-heap  is  to  the  manufacturing  plant,  and  as  such  is 
entitled  to  its  share  in  the  distinction  of  being  inspected.  The  ther- 
mal scrap-pile  of  a power  plant,  however,  includes  not  only  the 
cinder  pile,  which  should  always  be  held  under  suspicion  of  con- 
taining good  raw  material  in  the  form  of  fixed  carbon,  but  also  the 
chimney  and  boiler  setting,  which  are  always  prodigal  in  their  ex- 
penditure of  liquid  capital,  heat,  for  the  sole  production  of  which 
the  steam  factory  is  operated. 

Every  manufacturer  should  realize  not  only  that  his  secondary 
product,  whatever  it  be,  is  absolutely  dependent  on  his  primary 
product — heat — and  that,  like  other  liquid  capital,  it  should  be  judi- 
ciously and  economically  expended,  but  also  that  he  has  the  responsi- 
bility of  operating  his  own  smelter  and  his  own  mint;  a smelter  in 
which  the  raw  ore — coal — is  made  to  give  up  more  or  less  of  its 
golden  treasure — heat — which  in  the  adjoining  mint  is  converted  by 
steam  engines  into  pmver  currency  of  convenient  denominations. 
The  moral  is  almost  too  obvious  to  be  stated : Don’t  watch  the  ex- 

penditure of  liquid  capital  so  closely  that  you  forget  to  analyze  the 
slag. 

DISCUSSION 

C.  W.  Vogt — What  is  the  thermal  efficiency  figured  from  the 
heat  under  the  boiler  to  the  heat  equivalent  to  the  power  produced ; 
did  you  say  6 i)er  cent  ? 

Mr.  Matthews — 6.6  per  cent. 

C.  W.  Vogt — That  was  the  thermal  efficiency  of  the  engine? 
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Mr.  Matthezvs — No,  the  thermal  efficiency  of  the  engine,  based 
on  the  indicated  horsepower,  was  12.22  per  cent  in  this  particular 
case.  On  the  boiler  and  engine  together  it  is  6,6  per  cent. 

President  Doelling — What  steam  consumption  is  assumed  per 
indicated  horsepower  ? 

Mr.  Matthezvs — The  steam  consumption  equivalent  to  20,- 
822  B.t.u.  would  vary  somewhat  with  the  pressure  and  feed  water 
temperature.  Assuming,  for  the  sake  of  argument,  that  the  steam 
pressure  is  100  pounds,  gauge,  and  that  the  engine  is  charged  with 
all  heat  above  100  degrees,  the  steam  consumption  in  pounds  per 
indicated  horsepower  hour  would  be  20,822  divided  by  the  heat  in 
a pound  of  steam  above  100  degrees,  1,117  B.t.u.,  or  18.6  pounds. 

F.  L.  Fairbanks — I would  like  to  say  that  in  our  Sargeant’s 
Wharf  plant  the  records  show  that  in  the  last  two  years’  operation 
we  are  obtaining  a boiler  room  efficiency  averaging  75  per  cent. 

C.  W.  Vogt — That  is  for  the  boiler  room  only? 

F.  L.  Fairbanks — Boiler  room  only ; we  have  tests  of 
pounds  on  the  engine. 

G.  .4.  Horne — That  is  with  economizers? 

F.  L.  Fairbanks — With  economizers,  forced  draft  automatic 
regulating  devices  and  recorders.  As  a check,  we  weigh  our  ashes 
out  on  the  same  scales  each  day  on  which  we  weigh  our  coal  in. 
We  sample  the  ash  by  analysis  to  show  the  number  of  B.t.u.  going 
out  in  the  ash,  as  well  as  in  the  coal  coming  in.  The  monthly  report 
to  the  treasurer  shows  the  cost  of  evaporating  a pound  of  water. 
We  show  the  cost  of  coal  in  two  diflFerent  ways — for  evaporating  a 
pound  of  water,  as  well  as  for  the  total  cost  of  evaporation,  that  is, 
with  the  labor  charge  and  all  other  boiler  room  expenses  added. 
The  treasurer  has  an  opportunity  to  examine  the  cost  both  ways — 
first  the  coal  cost  and  then  the  total  cost.  As  the  steam  is  delivered 
to  the  engine,  the  engine  room  is  charged  with  the  steam  delivered 
to  it  by  the  boiler  plant,  so  that  the  two  operations  are  kept  entirely 
separate.  The  engine  room  is  credited  with  the  primary  and  sec- 
ondarv  exhaust  heaters,  but  not  with  the  economizers.  The  stack 
gases  run  from  175  to  215  or  220  degrees. 

President  Doelling — I think  that  75  per  cent  efficiency  is  a re- 
markable performance. 

G.  A.  Horn-e — Boiler  efficiency  varies  considerably  with  the 
kind  of  fuel.  As  Mr.  Matthews  has  pointed  out,  everything  has  to 
be  taken  into  consideration.  It  would  hardly  be  possible,  I think, 
to  obtain  75  per  cent  with  small  anthracite  coal  in  small  plants.  As 
for  the  (piestions  Mr.  Matthews  asks,  it  is  necessary,  in  connection 
with  small  plants,  to  go  considerably  into  detail  in  getting  the  cost 
of  a thousand  pounds  of  steam  and  weigh  carefully  all  the  factors 
that  enter  into  the  case.  Now  in  this  territory,  particularly  on  Man- 
hattan Lsland,  real  estate  is  rather  valuable  and  most  of  the  large 
power  plants  find  it  desirable  to  operate  with  heavy  overloads.  As 
to  relative  economy  of  a small  plant  that  shows  a higher  efficiency 
with  the  bituminous  coal,  possibly  with  stoker  equipment,  one  is  apt 
to  be  misled  in  deciding  what  might  be  best  for  other  conditions.  To 
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illustrate,  I might  say  that  some  years  ago  I made  some  40  or  50 
boiler  tests  with  the  particular  point  in  mind  as  to  which  fuel  would 
give  the  largest  amount  of  steam  for  the  money,  all  things  being  con- 
sidered, but  not  taking  into  consideration  the  fact  of  overload  or  the 
investment  in  land,  as  this  particular  plant  was  out  on  the  meadows, 
what  we  call  No.  3 buckwheat  of  very  good  grade,  carrying  between 
11,500  and  11,800  B.t.u.  on  the  basis  of  the  dry  coal,  could  be  ob- 
tained for  $1.50  per  gross  ton.  At  the  same  time  high  grade  bitu- 
minous coal  of  about  14,800  B.t.u.  value  cost  $3.00  per  ton.  It  is 
easy  to  see  that  there  is  a very  great  difference  in  the  number  of 
B.t.u.  per  dollar.  On  careful  tests,  while  you  could  not  get  anywhere 
near  75  per  cent  efficiency  with  the  anthracite  coal,  the  $1.50  coal, 
we  could  make  a thousand  pounds  of  steam  for  about  8j/j  cents, 
and  with  the  $3.00  coal  it  costs  about  12  cents.  I simply  cite  this  to 
show  that,  particularly  for  plants  where  they  may  not  require  heavy 
overloads  and  where  the  value  of  the  property  is  not  such  that  they 
have  to  crowd  their  boilers  into  small  space,  the  investigation  of  these 
small  sizes  of  anthracite  coal,  which  always  have  to  be  used  with 
mechanical  draft,  may  prove  interesting  and  valuable  for  small  plants. 
Now  those  prices  do  not  obtain  to-day,  unfortunately  for  some  of  us 
who  use  anthracite  coal.  That  same  coal  to-day  costs  nearer  $2.00, 
but  it  still  shows,  however,  something  in  its  favor  on  the  basis  of  the 
fuel  cost.  I think,  as  Mr.  Matthews  has  indicated  in  the  series  of 
questions,  that  a number  of  such  careful  considerations  is  very  im- 
portant for  the  smaller  plant. 

Except  with  very  large  grate  surfaces  it  is  absolutely  im- 
possible, from  my  experience,  to  get  a large  overload  with  the  small 
sizes  of  anthrcite,  although  some  of  the  manufacturers  of  blowers 
and  people  who  handle  apparatus  to  use  in  conjunction  with 
that  coal  will  tell  you  that  you  can  get  50  per  cent  to  100  per  cent 
over  the  rating  of  the  boiler.  I never  could  get  it;  I don’t  know 
whether  any  of  you  can  or  not.  I have  found,  in  our  experience, 
that  we  have  a good  deal  more  pressure  in  the  ash-pit  than  the  man- 
ufacturers of  blowing  api^aratus  seem  to  have  in  their  tables;  that 
may  be  due  to  the  fact  that  this  small  anthracite  coal  varies  greatly 
in  size  and  we  do  not  always  get  the  size  of  particles  that  we  are 
supposed  to  get.  With  No.  3 buckwheat,  to  get  the  rating  of  the 
boiler,  it  is  necessary  to  have  from  three  to  three  and  one-half  inches 
pressure  in  the  ash-pit,  and  if  you  want  to  realize  50  per  cent  over 
rating,  which  is  very  difficult  to  obtain,  unless  the  fuel  is  of  very 
high  grade,  you  have  to  have  four  or  four  and  one-half  inches  of 
pressure  in  the  ash-pit. 

F.  L.  Fairbanks — I think  the  basing  of  judgment  upon  the  cost 
of  evaporating  a thousand  pounds,  or  one  pound  of  water  if  you  will, 
is  very  misleading,  for  the  reason  that  the  coal  cost  is  not  the  total 
cost.  We  found  that  in  our  plant,  using  No.  3 buckwheat,  if  we 
could  control  our  delivery  from>  certain  mines,  at  $1.80  alongside 
the  dock,  we  could  make  an  excellent  showing,  but  in  figuring  up 
the  cost  of  handling  and  discharging  that  coal,  carting  away  ashes. 
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and  the  extra  labor  necessary  to  keep  the  fires  clean — once  every 
four  hours,  on  a forced  draft — we  found  that  New  River  coal  at 
a very  much  higher  price,  which  showed  a higher  cost  of  evaporat- 
ing per  thousand  pounds  of  water,  was  very  much  more  economical 
to  use,  and  we  discontinued  buckwheat  entirely.  Besides  the  fuel 
cost,  we  now  turn  in  the  total  cost  of  evaporating  a thousand  pounds 
of  water,  so  that  there  can  be  a comparison  of  the  two.  These  two 
costs  show  you  just  what  you  are  doing  and  of  what  practical  ul- 
timate value  any  particular  grade  of  coal  is  to  the  plant. 

I think  the  tendency  is  to  expect  too  much  of  the  smaller  plant. 
In  this  an  efficiency  is  expected  equal  to  what  might  be  secured  only 
during  a test,  for  which  everything  is  especially  prepared.  Many  do 
not  stop  to  consider  that  the  ordinary  man  running  a plant  8,  lo,  12 
or  24  hours  a day  is  subject  to  practical  conditions  over  which  he 
has  no  control  whatever.  We  find  in  our  own  works  that  our  Rich- 
mond street  plant  with  somewhat  higher  cost  is,  in  a number  of  ways, 
a much  cheaper  plant  than  our  Sergeant’s  Wharf  plant,  because  the 
equipment  we  have  in  the  Sergeant’s  Wharf  plant  requires  the 
operation  of  that  plant  at  a high  percentage  of  its  capacity  in  order 
to  get  good  results.  In  other  words,  during  the  three  winter  months 
we  find  that  our  Richmond  street  plant,  which  has  a very  much  less 
expensive  equipment  and  apparently  is  very  much  less  efficient,  is 
actually  a cheaper  plant  to  run  than  our  Sergeant’s  Wharf  plant. 
In  order  to  maintain  the  load  we  transmit  some  six  to  eight  hundred 
horsepower,  electrically,  from  our  Sergeant’s  Wharf  plant  to  our 
Richmond  street  plant  to  improve  our  load  factor.  It  is  very  easy 
to  criticise  the  small  plants  too  severely.  The  continued  efficiency 
of  a plant  is  due  as  much  to  general  design  and  equipment  as  to  the 
operator,  who,  in  a great  many  cases,  has  absolutely  no  control 
over  conditions.  He  has  not  the  authority  to  change  his  equipment. 
He  has  got  to  maintain  his  out])ut  on  the  conditions  given  him. 

iV.  H.  Hiller — A good  many  years  ago  we  used  to  hear  of  the 
wooden  nutmeg.  The  anthracite  coal  man  has  got  an  improvement 
on  that:  he  sells  you  a lot  of  slate  in  No.  2 anil  No.  3 buckwheat. 
.'\bout  five  or  eight  years  ago  we  made  tests  of  No.  2 and  No.  3 buck- 
wheat and  got  an  evaporation  of  about  8^  pounds  from  and  at  212 
degrees,  to-day  we  are  getting  only  ^y>,  simply  because  we  are  get- 
ting 50  to  60  per  cent  carbon  and  the  balance  ash.  Now,  we  can 
burn  it  all  right  and  get  good  results,  and  we  can  force  our  boilers, 
but  we  have  got  to  have  the  grate  surface  to  do  it.  We  are  running 
about  72  square  feet  of  grate  surface  on  1,700  square  feet  of  heat- 
ing surface  on  a No.  2 boiler,  .so  that  our  combustion  does  not  run, 
I think,  much  over  12  pounds  per  .square  foot  of  grate  surface  or 
even  lower  than  that,  10  or  8 will  give  better  results.  If  you  want 
to  get  caj)acity  out  of  a boiler,  it  is  necessary  to  have  grate  surface 
in  order  to  burn  the  grade  of  anthracite  that  is  coming  through  to-day. 

The  arrangement  in  our  boiler  setting  is  somewhat  different 
from  the  ordinary  setting,  as  it  is  designed  for  the  purpose  of  burn- 
ing anthracite.  It  has  what  is  known  as  a Webster  setting,  which 
has  an  arch  over  the  rear  part  of  the  grate.  With  that  there  is 
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no  difficulty  in  burning  very  poor  grades  of  anthracite,  in  fact  what 
we,  in  the  Anthracite  valley,  term  “colly,"  which  runs  as  high  as 
50  per  cent  and  60  per  cent  ash  and  stone. 

C.  A.  Read — In  regard  to  the  efficiency  of  the  small  plant,  I 
think  you  will  find  that  a man  who  has  two  boilers,  and  his  load 
runs  fairly  heavy  during  the  day  and  not  much  at  night,  if  he  gets 
65  per  cent  efficiency  he  is  doing  pretty  well.  I have  made  a number 
of  tests  in  that  line  where  there  was  a fairly  heavy  load  during  the 
day,  when  a man  has  to  keep  his  two  boilers  going,  and  during  the 
evening  there  may  be  enough  to  keep  one  boiler  and  part  of  another 
one.  He  banks  up  during  the  night  and  you  will  find  he  realizes  an 
efficiency  of  about  50  per  cent  to  65  per  cent.  I have  seen  this  ob- 
tained while  running  a mixture  of  bituminous  and  No.  2 and  No.  3 
buckwheat.  I notice  you  gentlemen  have  experience  in  burning 
buckwheat,  and  I would  like  to  have  a meeting  with  you  for  the 
purpose  of  telling  experiences.  In  regard  to  the  quality  of  coal  at 
the  present  time,  if  any  of  you  are  buying  what  is  known  as  No.  2 
nut  or  pea  coal  for  your  house  use,  I think  you  will  do  well  to  specify 
that  you  get  it  from  the  screenings  from  the  yard — pea  that  is  broken 
in  shipping.  It  is  this  coal  that  breaks,  and  not  the  slate. 

F.  L.  Fairbanks — I don't  know  whether  my  friend,  Mr.  Read, 
meant  to  criticise  my  75  per  cent  or  not,  but  perhaps  it  would  be  well 
to  say  that  at  our  Sergeant’s  wharf  plant  we  are  operating  24  hours 
a day  under  both  forced  and  induced  draft,  and  are  running  200  per 
cent  in  the  boiler  room  all  the  time.  We  are  averaging  200  per 
cent  to  250  per  cent  24  hours  a day.  We  have  no  banking  of  fires 
or  starting  of  fires.  The  boiler  goes  in  for  30  days  under  both  forced 
and  induced  draft.  At  the  present  time  we  are  carrying,  or  were 
carrying,  7,000  horsepower,  with  a possible  10,000  horsepower,  and 
we  do  not  have  any  trouble  in  doing  it.  It  is  not  a question  of  the 
human  element  at  all,  it  is  ab.solutely  a question  of  machinery. 
Operation  is  automatic  from  the  time  the  ship  comes  alongside  the 
dock  until  the  coal  goes  out  over  the  scales.  It  is  not  a question  of 
the  human  element,  it  is  a question  of  the  amount  of  money  you  put 
into  the  plant  to  make  it  automatic. 

G.  A.  Horne — Mr.  Hiller  comes  from  a coal  region  and  ought 
to  know  about  coal.  I hold  no  brief  for  the  coal  men,  but  I have  to 
say,  in  fairness,  that  we  have  been  a little  more  fortunate  in  the 
quality  of  our  anthracite  coal  up  to  the  present  day.  It  is  apt  to 
change,  I suppose,  but  I will  say,  in  fairness  to  perhaps  one  or  two 
companies  that  do  give  fresh  mined  coal,  even  in  these  smaller  sizes, 
that  our  coal  on  analysis  of  a monthly  composite  sample — we  only 
analyze  it  once  a month  in  each  plant — averaged  last  year  some- 
thing like  14  per  cent  ash  on  the  basis  of  dry  coal,  which  probably 
is  a good  deal  better  than  most  of  the  anthracite  coal,  because  I have 
personally  analyzed  coal  in  the  section  where  Mr.  Hiller  comes 
from,  and  on  one  occasion  it  was  41  per  cent  ash.  Our  coal  aver- 
ages 14  per  cent  ash  and  has  a heat  value  of  12,000  B.t.u.  In  one 
of  our  largest  plants,  not  on  test,  but  under  running  conditions,  we 
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evaporated  over  Sj^'2  pounds  with  the  Lehigh  & Wilkes-Barre  Coal 
Company’s  coal. 

F.  L.  Fairbanks — It  seems  to  me  there  is  another  proposition 
Mr.  Hiller  does  not  count  on  at  all.  Being  in  the  coal  mining  dis- 
trict, he  does  not  have  transportation  charges  to  take  care  of.  It 
makes  a whole  lot  of  difference  whether  you  are  paying  $1.25  or 
$1.50  freight  per  ton  on  the  slate  that  is  supposed  to  be  coal,  and 
25  cents  a ton  to  a stevedore  to  discharge  40  per  cent  of  non-com- 
bustible. We  find  the  prohibitive  point  is  paying  for  transportation 
on  something  you  cannot  use  and  also  paying  transportation  on  the 
excess  of  ash.  Our  experience  has  shown  that  under  average  con- 
ditions we  are  doing  well  if  the  ash  going  out  over  the  scale  is  not 
double  what  the  ash  analysis  would  indicate.  Our  contract  calls  for 
coal  absolutely  from  one  mine.  The  ship  is  loaded  for  our  plant  with 
that  understanding,  and  under  those  conditions  we  can  maintain  a 
definite  line  of  operation,  but  even  then,  as  Mr.  Horne  says,  we 
have  had  buckwheat  with  20  per  cent  surface  water  and  buckwheat 
that  has  been  tested  as  high  as  30  per  cent  ash.  You  can  readily  see 
that  such  coal  might  be  very  expensive,  even  if  somebody  would 
give  it  to  you. 

J.  E.  Starr — As  to  the  question  of  burning  low  grade  coal,  I 
had  a very  striking  example  the  other  day.  I was  in  a plant  where 
an  efficiency  company  was  trying  to  burn  some  No.  3 buckwheat. 
The  plant  with  No.  i buckwheat  was  carrying  the  load  very  com- 
fortably under  natural  draft.  They  started  in  to  demonstrate  that 
they  could  burn  No.  3 buckwheat  under  forced  draft.  The  blowers 
were  steam  driven.  They  got  along  very  well  for  the  first  half  hour, 
then  it  came  to  cleaning  the  fire.  Well,  part  of  the  plant  had  to  be 
shut  down,  for  the  simple  reason  that  with  the  dropping  of  the 
steam  pressure  they  could  not  get  the  required  pressure  with  their 
steam-driven  blowers,  and  the  thing  once  started  continually  got 
worse.  They  started  with  105  pounds  and  got  down  to  60  i^ounds, 
and  there  they  stayed.  This  is  simply  to  illustrate  one  of  the  prob- 
lems. Possibly  if  these  blowers  had  been  driven  by  some  outside 
source  of  power,  such  as  electricity,  they  might  possibly  have  held 
up. 

For  most  of  us,  who  are  consulting  engineers,  a large  share  of 
our  business  is  with  small  plants.  The  large  plants,  such  as  Mr. 
Fairbanks  and  Mr.  Horne  speak  of,  have  their  own  force  of  men 
who  are  continually  watching  these  conditions  which  Mr.  Matthews 
has  s])oken  of,  but  in  the  small  plant — a 50-ton  ice  plant,  or  even  a 
loo-ton  ice  plant — the  average  fireman  and  the  average  engineer 
does  not  know  a B.t.u.  from  a hole  in  the  ground,  and  I find  that 
the  only  practical  way  to  get  at  these  people,  and  to  really  do  some- 
thing practical  in  the  way  of  reducing  their  coal  bill,  is  to  induce 
them  to  keep  books  wdth  their  boilers  just  as  they  keep  books  with 
their  customers ; that  is  to  say,  to  induce  them  to  put  in  water- 
measuring and  coal-weighing  devices  and  pit  one  fireman  against 
another.  If  you  can  pay  a fireman  25  cents  more  a day  than  he  is 
getting,  and  if  thereby  he  can  save  you  50  cents  a day,  you  are  just 
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25  cents  ahead,  or  other  amounts  in  that  proportion.  I have  found 
that  in  small  plants  the  best  and  quickest  way  is  to  bring  it  to  the 
owner’s  attention.  He  gets  his  coal  bill  at  the  end  of  the  month  and 
says  “Oh  my,  that’s  a big  coal  bill,  its  awful.”  He  cannot  account 
for  it;  he  simply  knows  in  a general  way  that  it  is  a big  coal  bill. 
I have  had  several  cases  where,  by  the  e.xixjiiditure  of  $100  or  $150, 
I have  been  able,  without  going  much  into  detail,  to  cut  off  any- 
where from  20  j)er  cent,  and  in  some  cases  40  per  cent,  of  the  coal 
bill  by  simply  bringing  in  to  the  office  every  day  the  amount  of  water 
pumped  into  the  boiler  and  the  amount  of  coal  used,  and  then  have 
that  posted  up  in  the  fire  room.  Gradually  you  have  two  elements ; 
you  rou.se  the  fireman’s  and  the  engineer’s  pride  in  the  matter ; sec- 
ondly, by  pitting  one  man  against  another  and  paying  him  a little  bit 
extra  for  good  service  and  careful  attention,  you  will  find  that,  almost 
insensibly,  he  begins  to  discover  why  he  is  not  getting  good  results, 
as  well  as  the  reason  why  he  is  getting  good  results.  In  other  words, 
he  gradually  and  unconsciously  work.s  towards  the  consideration 
which  Mr.  ^latthews  has  put  before  us. 

Here  in  this  Society,  the  discussion  is  largely  between  men 
who  are  operating  large  plants,  but  I think  that  the  most  practical 
way  to  get  results  in  a small  plant  is  to  induce  the  owner  to  j)ut  in 
water-measuring  and  coal-measuring  apparatus  and  to  make  the 
records  of  their  performance  a part  of  the  records  of  the  concern, 
and  their  daily  examination  by  the  manager  a duty  no  less  important 
than  the  examination  of  the  accounts  with  his  customers. 

P.  R.  Matthezvs — I wish  to  ask  Mr.  Starr,  through  the  Chair, 
what  meter  he  recommends  for  metering  the  water  going  to  the 
boiler? 

J.  E.  Starr — .Any  of  the  well-known  metering  devices,  even  a 
thermal  water  meter  for  a little  while  will  hold  up,  but  there  are 
devices  on  the  market  which  will  hold  up  indefinitely  if  they  are 
kept  in  good  repair. 

F.  E.  Mattheivs — How  do  you  find  the  \^enturi  meter  for  ac- 
curacy? 

J.  E.  Starr — I find  it  good.  There  is  also  an  electrical  appa- 
ratus, brought  out  recently,  which  seems  to  be  doing  very  well. 
There  is  also  the  tilting  meter,  which  gives  very  good  results.  The 
regular  type  of  water  meter  is  only  good  for  a little  while:  my 
experience  has  been  that  when  it  is  first  put  in  it  works  all  right, 
but  after  a while  it  evidently  indicates  that  you  are  pumping  into 
vour  boiler  a good  deal  more  water  than  vou  reallv  are. 

F.  E.  Mattlinvs — 1 would  also  like  to  ask  Mr.  Starr  about  the 
l)lant  in  the  hands  of  the  efficiency  company;  whether  that  had 
mechanical  stokers  or  was  hand  fired. 

/.  E.  Starr — It  was  hand  fired.  The  expert  understood  com- 
bustion very  thoroughly,  and  he  had  under  him  an  expert  fireman. 

F.  E.  Mattluni's — 1 think  it  is  no  uncommon  occurrence  that  the 
people  who  are  trying  to  introduce  low  grade  coal  find  trouble  with 
firemen  who  do  not  want  the  coal  to  make  good.  The  men  in  the 


Digitized  by  Googie 


BOILER  ROOM  ECONOMIES 


23 


plant  are  often  directly  responsible  for  the  falling  clown  of  the  low 
grade  coal. 

N.  H.  Hiller — If  a certain  Cjuantity  of  high  grade  No.  i buck- 
wheat or  pea  coal  is  used  to  start  up  the  fire,  you  can  usually  get 
up  your  steam  pressure  all  right  with  that  and  then  maintain  it  with 
low  grade  anthracite.  I do  not  know  whether  in  the  test  Mr.  Starr 
refers  to  anything  of  that  sort  was  tried,  or  whether  No.  3 was  to  be 
used  altogether. 

/.  n,.  Starr — They  were  trying  to  use  No.  3 altogether.  They 
got  through  and  threw  up  their  hands  in  about  six  hours.  There 
remained  the  cjnestion  of  the  quality  of  the  coal,  there  being  no 
analysis  at  hand,  and  whether  the  failure  was  entirely  due  to  the  fact 
that  the  blowers  were  steam  driven,  because  when  the  speed  was  re- 
duced the  pressure  stayed  down.  This  question  has  not  yet  been 
answered. 

C.  A.  Read — I have  not  come  from  Boston  and  am  not  trying 
to  speak  as  often  as  my  friend  Fairbanks  does,  but  I think  a man 
should  be  extremely  careful  in  recommending  the  use  of  buckwheat 
coal,  because  he  runs  up  against  terrible  prejudice  in  the  boiler  room. 
I have  been  up  against  it  several  times,  ancl  in  one  case  I had  to  do 
the  firing  myself  to  prove  that  it  could  be  done.  In  one  case  I 
know  of,  where  it  was  a failure,  I heard  afterwards  that  the  en- 
gineer had  made  the  remark  beforehand  that  it  was  going  to  take 
him  but  a little  while  to  show  that  it  was  no  good,  anyway,  that  it 
couldn’t  be  done. 

In  regard  to  the  question  of  the  over  all  efficiency  of  the  plant, 
I think  a few  years  ago  Mr,  Stott  made  the  statement  that  of  the 
heat  of  his  coal  only  2^  per  cent  appeared  as  energy  on  the  bus 
bars  of  his  station,  that  is  the  over  all  from  the  coal  pile  to  the  bus 
bars  of  a station.  I would  like  to  ask  Mr.  Starr  in  regard  to  the 
Venturi  meter.  Suppose  a plant  is  running  part  of  the  time  50  per 
cent  over  load,  and  then  for  10  or  12  hours  during  the  night  it  drops 
down  to  only  50  per  cent  load;  what  percentage  of  accuracy  would 
he  expect  to  find  in  the  Venturi  meter  in  a case  of  that  kind  ? 

/.  /i.  Starr — I do  not  know.  All  plants  that  I am  interested  in 
have  practically  a steady  load  all  day.  They  are  ice  making  or  re- 
frigerating plants,  I have  never  had  any  experience  with  a Venturi 
meter  on  a fluctuating  load. 

C.  A.  Read — That  is  where  I have  had  trouble,  and  with  the 
steam  flow  meter  as  well.  I have  a case  now  where,  in  order  to  have 
a meter  that  gives  the  range  during  the  time  the  load  is  on,  indicates 
that  thev  can  heat  their  buildings  all  night  without  charge  for  it  at 
all. 

F.  L.  Fairbanks — As  my  friend,  Mr.  Read,  knows  we  have  just 
been  through  quite  an  experience  with  the  Venturi  meter.  We  find  it 
limited  to  certain  velocities;  in  other  words,  under  seven  feet  per 
second  through  the  throat  and  thirty-five  feet  per  second,  or  there- 
abouts, the  Venturi  meter  becomes  somewhat  inaccurate,  and  this 
past  year  we  have  tried  most  of  the  important  measuring  devices 
and  have  found  with  the.se  that  we  were  evaporating  18  or  20  pounds 
of  water  per  pound  of  coal.  The  treasurer  would  not  accept  that. 


Digitized  by  Googie 


24 


BOILKR  ROOM  ECONOMIES 


SO  we  had  to  do  something  else,  therefore  last  spring  we  had  an 
entire  equipment  built  for  us  by  the  Builders  Iron  Foundry  of  Prov- 
idence, who  manufacture  the  X'enturi  meter,  A meter  with  their 
latest  indicating,  integrating  and  recording  device  was  installed  un- 
der their  supervision.  We  then  found  out  several  things,  first  among 
which  was  that  with  a reciprocating  pump  and  an  ordinary  regulator, 
the  Venturi  meter  might  run  20  per  cent  ahead  or  40  per  cent  behind, 
for  the  reason  that  the  pulsating  flow  of  the  reciprocating  pump  as 
governed  by  the  regulator,  nullified  to  a great  extent  the  principles 
of  the  Venturi  meter.  We  then  purchased  one  of  the  highest  grade 
centrifugal  pumps,  driven  by  a high  grade  turbine,  and  had  a regu- 
lator designed  for  the  turbine  which  would  vary  in  ounces  of  dif- 
ferential boiler  pressure,  so  as  to  keep  the  curve  as  flat  as  possible, 
and  installed  a meter  with  a four-inch  stroke.  We  operated  two 
months,  and  as  our  load  dropped  off  we  appeared  to  be  evaporating 
18  to  20  pounds  of  water  per  pound  of  coal,  which  could  not  be 
correct.  Now  we  have  two  meter  tubes  in  ixirallel,  so  that  as  our 
load  changes  with  the  season  or  the  weather,  we  expect  to  get  more 
accurate  results.  vShould  our  load  drop  below  the  seven  feet  per 
second  for  the  tube  with  the  larger  throat,  we  can  immediately  cut 
that  out  and  use  the  tube  with  the  smaller  throat,  so  as  to  maintain 
the  required  velocity  through  the  throat  orifice.  This,  in  conjunc- 
tion with  means  for  keeping  the  flow  of  feed  water  comparatively 
constant,  should  enable  us  to  obtain  the  desired  accuracy  in  metering. 
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RECENT  DEVELOPMENTS  IN  THE  STUDY  OF  CORROSION 
OF  CONCRETE  BUILDINGS  AND  PIPE  LINES* 

By  Morgan  B.  Smith,  Detroit,  Mich. 

It  has  been  well  said  that  this  is  an  era  of  steel  and  concrete, 
for  truly  these  two  materials  are  great  factors  in  our  present  won- 
derful industrial  development.  It  is  equally  true  that  distant  trans- 
portation of  heat  and  of  cold  beneath  our  streets  has  reached  a re- 
markable magnitude  in  recent  years. 

To  refrigerating  engineers  there  are  presented  two  phases  in 
the  matter  of  corrosion,  namely,  the  conservation  of  reinforced  con- 
crete structures  erected  or  to  be  built  and,  secondly,  the  conservation 
of  underground  piping  and  other  structures.  These  two  phases  I in- 
tend to  discuss,  giving  such  facts  as  seem  to  be  well  established  at 
this  time. 

We  must,  however,  remember  that  this  study  is  bringing  up  new 
phases  almost  daily,  and  that  therefore  facts  of  to-day  may  be  dis- 
carded to-morrow  as  false.  This  is  always  the  rocky  road  towards 
progressive  thought  in  which  we  pass  through  a sort  of  inception 
period  generally  characterized  by  numerous  theories,  few  of  which 
survive,  followed  by  a period  of  comparative  surety  as  facts  are 
brought  to  light. 

Not  long  ago  many  of  our  best  investigators  felt  great  concern 
over  the  safety  of  our  concrete  structures  and  of  underground 
structures,  yet  to-day,  as  the  truth  is  known,  we  find  that  much  of 
this  feeling  of  insecurity  was  needless,  or  at  least  comparatively 
so.  I do  not  mean  by  this  that  there  is  now  no  danger  attendant, 
but  I do  mean,  on  the  contrary,  that  we  now  know  enough  of  the 
matter  to  be  able  to  assure  ourselves  of  the  safety  of  our  structures 
when  due  precautionary  measures  are  taken. 

I may  state  here  that,  as  time  has  put  it  to  test,  the  electrolytic 
theory  of  corrosion  has  gained  a firmer  hold  on  fact.  Electrolytic 
corrosion  may  be  instituted  in  two  ways,  first  by  the  passage  of 
electric  current  through  the  system  from  an  outside  source,  and, 
secondly,  that  set  up  by  so-called  auto-  or  self-electrolysis  caused  by 
diflferences  in  solution  pressures  of  two  dissimilar  metals  in  the 
system,  or  by  unlike  chemical  condition  of  portions  of  the  same 
metal.  As  a rule,  it  may  be  said  that  the  effect  of  self-electrolysis 
is  rather  insignificant  when  current  electrolysis  is  present,  but  is 
always  augmented  by  current  flow  from  external  sources. 

We  nearly  always  find  active  self-corrosion  where  structures 
are  exposed  to  a flow  of  current.  It  is  equally  true  that  at  times 
when  external  current  is  absent  self-electrolysis  is  very  active  and 
rapid  destruction  of  metal  has  occurred. 

What  about  our  concrete  structures? 

Probably  no  better  work  has  been  done  in  the  study  of  the 

* Read  at  Eleventh  Annual  Meeting,  New  York,  N.  Y.,  Peccmher  6,  7 and  8.  1915. 
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corrosion  of  concrete  structures  than  that  carried  out  by  the  Bureau 
of  Standards  concerning  external  current  flow,  this  work  not  taking 
into  account  self-electrolysis.  I shall,  therefore,  briefly  outline  the 
main  facts  brought  to  light  in  this  study  of  their  subject. 

We  find  three  phases  to  be  considered,  namely : Corrosion  of 
concrete  reinforced  structures  by  flow  of  current  into  the  rein- 
forcing metal,  and  thence  to  the  concrete  mass,  and,  secondly,  the 
reverse  condition  of  current  flow,  and,  thirdly,  the  corrosion  of 
non-reinforced  concrete.  In  the  first  case  we  find  the  metal  posi- 
tive towards  the  concrete ; in  the  second  case  it  is  negative,  while  in 
the  third  we  have  no  metal  present,  in  which  case  the  concrete  must 
act  as  positive  or  negative  towards  some  adjacent  metallic  structure. 

Let  us  consider  the  first  phase.  Fig,  i,  in  which  the  metal  is  the 
anode  of  the  system.  When  current  enters  the  reinforcing  metal  it 
may  follow  along  it  or,  if  the  concrete  be  damp,  it  may  jump  from  the 
metal  to  the  concrete,  from  whence  it  travels  to  metallic  parts  of 
the  building,  or  to  apparatus  within  the  structure.  In  such  a case 
the  metal  passes  into  solution  at  a rate  closely  following  Faraday’s 
law  in  most  cases,  but  in  others  at  variance  with  the  law.  The 
concrete  here  is  acting  the  part  of  the  cathode  or  negative  electrode. 

The  first  effect  is  the  accumulation  of  the  oxides  of  iron  upon  the 
surface  of  the  reinforcing  metal,  which  occupy  roughly  twice  the 
volume  of  the  equivalent  metal.  This  may  give  rise  to  an  outward 
pressure  of  fully  5,000  pounds  per  square  inch,  which  will  in  time 


Fig.  I. — High  Voltage  .Anode  Specimens — From  D.  of  S.  Bulletin  No.  l8 
Metal  (-(-),  .Anode:  Concrete  ( — ),  Cathode 
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disrupt  the  concrete  mass.  First,  fine  cracks  appear,  followed  by 
wider  checks  and  cracks,  ending  in  final  fracture.  We  find,  how- 
ever, that  to  produce  this  result  consistently  there  must  be  present 
a potential  drop  through  the  system  of  at  least  60  volts,  and  that  the 
temperature  must  be  at  least  100  degrees  F.  The  temperature  is 
manifestly  a function  of  the  current  flow,  which  in  turn  depends  on 
the  potential  drop  in  the  system,  and,  obviously  this  depends  on  the 
current-carrying  capacity  of  the  concrete  mass.  It  is,  therefore, 
evident  that  materials  which  will  lower  the  electrical  resistance  of 
the  concrete  should  be  avoided  in  the  original  concrete  mix,  espe- 
cially chlorides.  As  concrete  ages  the  moisture  content  should 
decrease  and  the  electrical  resistance  ought  to  become  greater. 

There  is  no  doubt  that  sodium  and  potassium  (alkalies)  in  the 
concrete  are  a detriment  to  the  life  of  the  mass,  since,  when  present, 
they  tend  to  follow  the  electric  current,  migrating  toward  the  cathode. 
This  is  clearly  shown  in  Fig.  2,  where  the  concrete  is  the  anode,  the 
metal  being  the  cathode  of  the  systern.  The  alkalies  have  concen- 
trated around  the  cathode,  rotting  the  concrete  and  destroying  the 
bond  between  it  and  the  metal.  Removal  of  alkalies  by  electrolysis 
before  the  concrete  has  set  entirely  removes  this  dangerous  condition, 
since  there  is  then  no  alkali  content  to  migrate  with  the  current. 
This  is  shown  in  Fig.  3. 


Fig.  2. — Cathode  Specimens,  Showing  Increase  of  Disintegration  Due 
to  Addition  of  Sodium — From  B.  of  S.  Bulletin  No.  18 
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Fig-  3- — Calliode  Specimens,  Showing  Absence  of  Disintegration  Where 
Alkalies  Had  Been  Removed  by  b'lectrolysis — From  B.  of  S. 

Bulletin  Xo.  i8 


i 


Fig.  4. — Cathode  Specimens,  Showing  Disinteerated  Mortar  About  Elec- 
trode— From  B.  of  S.  Bulletin  Xo.  18.  Concrete  (-{-),  Anode; 

Metal  ( — ),  Cathode 
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Let  US  now  consider  the  case  when  the  concrete  is  the  anode  of 
the  system,  in  which  case  external  current  enters  the  concrete,  passes 
to  the  reinforcing  metal,  and  thence  along  it  to  other  metallic  parts 
of  the  structure  or  to  apparatus  situated  therein.  Fig.  4.  Here 
we  find  the  metal  practically  unaflFected.  The  concrete,  however, 
shows  marked  effects,  the  results  being  noted  in  a softening  of 
the  concrete  mass  around  the  metal,  due  to  concentration  of 
alkalies  at  that  point.  The  mass,  upon  drying,  becomes  hard  but 
brittle,  and  the  bond  between  metal  and  concrete  is  destroyed.  Un- 
like the  condition  when  metal  is  positive,  we  find  here  that  the  effect 
on  the  concrete  is  manifested  at  both  high  and  low  voltages,  being 
in  general  in  direct  proportion  to  the  potential  drop  through  the 
system. 

Hefore  taking  into  consideration  the  means  available  for  minim- 
izing these  effects  we  must  consider  the  electrolysis  of  non-rein- 
forced  concrete.  Here  the  effect  of  current  flow  is  similar 
to  a slow  seepage,  by  which  the  water-soluble  content  migrates 
towards  negative  portions  of  the  mass  or,  more  generally,  towards 
metallic  structures  in  contact  with  the  concrete.  At  points  of 
contact  between  concrete  and  metal  we  find  the  same  results  as 
noted  above,  where  concrete  is  the  cathode  or  negative  electrode 
in  the  system,  namely,  a softening  of  the  mass,  which  becomes 
hard  and  brittle  on  drying.  Obviously,  grounding  of  metallic 
structures  in  such  a case  is  similar  to  installing  electrodes  in  the 
system,  and  will  do  harm  rather  than  good. 

So  much,  then,  with  regard  to  possible  conditions.  How  shall 
we  proceed  to  minimize  the  effects  noted  in  our  concrete  structures? 

First — We  should  take  every  precaution  to  keep  potential  gra- 
dients in  the  structure  as  low  as  possible. 

Second — We  should  coat  all  surfaces  of  concrete  below  ground 
with  an  insulating  film  of  some  sort,  preferably  a flexible  film  which 
will  remain  water-tight  at  all  seasons. 

Third — We  should  jxiint  all  reinforcing  metal  in  so  far  as  is 
practicable  with  an  insulating  paint  of  such  a nature  that  its  appli- 
cation does  not  lessen  the  bond  between  the  concrete  and  the  metal. 
The  practicability  of  this  procedure  at  present  seems  somewhat 
doubtful,  although  paint  manufacturers  assure  us  that  they  will 
eventually  develop  such  a material.  We  have  at  present  at  least 
one  such  paint,  which  approaches  closely  the  desired  characteri.stics. 

Fourth — W'e  should  take  great  care  to  keep  all  direct-current 
circuits  in  the  building  free  from  grounds. 

Fifth — We  should  provide  all  pipes,  entering  or  passing  through 
the  building,  with  in.sulating  joints  both  at  points  of  entrance  and 
exit.  If  the  potential  drop  around  such  an  isolated  portion  of 
piping  exceeds  8 volts,  a copper  shunt,  preferably  of  insulated 
cable,  should  be  carried  around  the  isolated  portion. 

Sixth — We  should  make  complete  inter-connection,  electrically, 
between  all  metallic  .structures  within  the  building,  but  not  until 
after  insulating  joints  have  been  provided  for  all  piping  entering  or 
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oassing  through  the  building.  Such  inter-connected  structures  must 
not  be  grounded  outside  of  the  insulating  joints. 

Seventh — As  a precautionary  measure  it  is  well  to  use  granite 
blocks  between  the  footings  of  our  buildings  and  the  soil,  since  such 
blocks  are,  roughly,  about  lOO  times  as  resistant  to  current  flow  as 
is  concrete,  especially  damp  concrete.  There  will  then  be  far  less 
tendency  for  the  building  to  pick  up  stray  currents.  The  use  of 
granite  is  especially  recommended  when  marked  potential  diflferences 
are  persistent  in  the  vicinity  of  the  proposed  structure. 

Eighth — We  should  carefully  insulate  all  lead-sheathed  cable 
from  the  building  and  from  reinforcing  metal.  Generally  it  is  suffi- 
cient to  carry  such  cable  on  wooden  blocks  away  from  the  building. 

Ninth — Maintaining  the  reinforcing  metal  negative  towards 
the  concrete  is  not  advisable,  because  of  the  results  noted  above, 
namely,  the  destruction  of  the  bond. 

Tenth — Watch  the  electrical  insulation  throughout  your  build- 
ings wherever  it  is  accessible,  for  here  is  a possible  source  of  much 
trouble.  Maintain  it  in  good  condition.  In  so  far  as  is  possible, 
place  all  wiring  within  metallic  conduits. 

Eleventh — Having  inter-connected  all  metallic  structures  within 
the  building,  see  that  it  is  not  grounded  outside  the  insulating  joints. 
The  effect  of  ground-plates  is  local  at  best,  and  may  give  rise  to 
passage  of  current  from  them  to  distant  footings  of  the  building 
and  into  the  structure,  at  times  giving  rise  to  dangerous  conditions. 

For  the  complete  data  on  this  topic  .see  Bulletin  No.  i8.  Bureau 
of  Standards,  which  also  contains  a comprehensive  bibliography  on 
the  subject  in  general. 

If,  therefore,  the  above-named  precautions  are  taken  it  is  not 
likely  that  serious  difficulties  will  be  met,  except  in  most  pronounced 
cases,  where  special  measures,  not  enumerated  above,  may  be  neces- 
sary. 

Twelfth — Before  taking  up  the  second  phase  of  our  subject  I 
wish  to  speak  of  another  precautionary  measure,  namely,  the  con- 
stant co-operation  desirable  between  those  in  charge  of  our  buildings 
and  those  who  transmit  current  through  our  .streets,  especially  our 
electric  railways,  whose  so-called  “return  currents”  may  be  a source 
of  danger  unless  properly  cared  for.  By  all  means,  keep  in  touch 
with  railway  men,  to  whom  the  matter  is  of  direct  financial  concern, 
and  who  are  anxious  to  place  their  current  returns  in  as  good  condi- 
tion as  pos.sible.  If,  therefore,  you  feel  that  at  or  near  your  build- 
ings the  rail  bonding  is  imperfect  or  insufficient,  do  not  lose  time  in 
getting  into  touch  with  the  proper  railway  officials,  whom  you  will 
find,  as  a rule,  anxious  to  improve  conditions  of  this  sort. 

I have  taken  the  liberty  to  reproduce  several  illustrations  from 
the  above-named  Government  bulletin,  showing  graphically  the 
effects  of  current  flow  on  reinforced  concrete. 

KLKCTROLYSI.S  UNDER  GROUND 

Because  of  ultimate  economy  in  some  cases,  and  of  legislation  in 
others,  we  are  gradually  placing  all  pipe  lines  and  other  means  of 
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transporting  power,  heat  and  cold,  under  ground.  It  is  true  of  the 
refrigerating  business  in  our  larger  cities  that  central  plants  are 
eradually  displacing  the  smaller,  isolated  refrigerating  plants.  In 
market  districts  this  is  especially  true.  This  has  necessitated  miles 
of  brine  piping  beneath  our  streets.  Needless  to  say,  such  lines, 
carrying  as  they  do  an  excellent  electrolyte,  offer  splendid  oppor- 
tunity for  electrolytic  corrosion. 

Let  us  consider,  then,  the  results  of  investigations  made  by  the 
Government  and  by  independent  investigators  upon  this  matter  of 
corrosion  of  our  underground  metals. 

Here  we  find  both  self-electrolysis  and  current-electrolysis  more 
or  less  active.  We  find  that  the  passage  of  current  almost  inva- 
riably stimulates  self-electrolysis,  and  that  in  any  consideration  of 
the  topic  both  must  be  considered. 

The  Government  has  confined  its  study  to  current-electrolysis, 
while  independent  investigators,  notably  the  electric  railways  of  St. 
Paul  and  Minneapolis  and  the  Detroit  United  Lines,  have  considered 
both  phases  of  the  subject.  Inasmuch  as  these  investigators  have  in 
the  main  checked  the  results  obtained  by  the  Government  concern- 
ing current-electrolysis,  we  will  confine  ourselves  to  the  Government 
reports  with  regard  to  this  phase,  and  to  the  results  of  the  other  in- 
vestigators relative  to  self-electrolysis. 

We  will  first  consider  current-electrolysis.  What  are  the  fac- 
tors which  must  be  taken  into  account  in  the  study  of  this  phase  of 
corrosion  of  underground  metals?  They  are: 

First — Current  density.  This  influences  greatly  the  rate  of 
corrosion.  .As  a rule,  it  may  be  said  that  the  efficiency  of  corrosion 
varies  inversely  with  the  current  density,  i.  e.,  the  greater  the  cur- 
rent density  the  less  the  efficiency  of  corrosion.  It  has  been  shown 
that  in  the  case  of  soils  well  saturated  with  moisture  the  corrosion 
may  vary  from  20  per  cent  to  140  per  cent  between  current  densities 
of  5 milliamperes  and  0.05  milliamperes  per  square  inch,  respectively. 
It  is  now  believed  that  current  densities  lower  than  0.05  milliam- 
peres per  square  inch  are  not  of  any  great  consequence  in  practice, 
although  they  may  be  of  considerable  theoretical  interest. 

Second — Moisture  present.  This  is  possibly  the  most  important 
factor  next  to  current  density.  Moisture  exerts  a powerful  in- 
fluence upon  the  rate  of  corrosion  with  any  current  density.  The 
Doint  of  maximum  influence  is  that  of  soil-saturation,  above  which 
point  increase  in  moisture  does  not  seem  to  have  a|>preciable  effect. 

Third — Oxygen  present.  By  this  we  mean  the  accessibility  of 
air  to  the  system.  The  influence  which  oxygen  bears  upon  corro- 
sion has  for  long  been  a bone  of  contention  among  investigators. 
The  Government  says  that  in  the  case  of  iron  immersed  in  a liquid 
electrolyte,  oxygen  has  no  appreciable  effect. 

Others,  fully  as  well  qualified  to  pass  an  opinion,  show  by  ex- 
periment that  oxygen  does  have  a very  appreciable  effect  under 
certain  conditions.  All  investigators  are  agreed  that  oxygen  has  a 
marked  influence  upon  the  character  of  the  end-products  of  cor- 
rosive action.  Thus,  if  the  rate  of  corrosion  is  rapid  and  the  supply 
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of  oxygen  small,  there  will  be  a greater  amount  of  magnetic  oxide 
formed,  whereas  if  the  rate  is  low  and  the  amount  of  oxygen  abun- 
dant ferric  oxide  will  predominate.  Bearing  in  mind,  therefore, 
that  around  pipes  in  the  ground  the  supply  of  oxygen  is  generally 
limited,  we  can,  by  a study  of  the  oxides  formed,  arrive  at  some 
idea  as  to  the  causes  of  the  corrosive  action,  having  in  the  meantime 
taken  into  account  all  local  conditions. 

Fourth — Temperature.  So  far  as  we  know  at  this  time,  the 
temperature  of  soils  does  not  appreciably  influence  the  rate  of  cor- 
rosion within  the  ordinary  limits  or  range  of  temperatures  found  at 
the  depths  to  which  our  structures  extend,  or  at  which  our  pipes  are 
laid. 

Fifth — Chemical  and  Physical  Nature  of  Soils.  Chemicals  in 
soils  exert  some  influence  upon  both  the  rate  and  the  character  of 
the  resulting  corrosion. 

Thus,  we  find  that  nitrates  and  sulphates  show  an  even  corro- 
sion with  no  pitting;  carbonates  somewhat  less  even,  but  still  no 
nitting;  hydroxides  often  show  marked  pitting,  and,  lastly,  chlorides 
show  very  marked  pitting. 

None  of  the  above-named  chemicals  produces  the  so-called 
“passive”  condition  with  iron.  Chromates  seem  to  have  some  ten- 
dency in  soils  to  produce  passivity,  but  they  do  not  cut  down  the  rate 
of  self-corrosion  to  anything  like  the  same  extent.  Those  chemi- 
cals which  are  known  to  inhibit  corrosion  of  metals  in  liquids  do  not 
show  this  characteristic  when  the  same  m'etals  are  buried  in  soils. 
Pitting  is  effected,  therefore,  by  both  the  character  of  the  soil  and 
by  non-homogeneity  of  the  metal  in  question. 

Sixth — Depth  below  ground  level.  Depth  of  burial  of  pipes, 
etc.,  does  not  appear  to  influence  the  rate  or  character  of  corrosion. 

Seventh — Several  factors  which  may  influence  corrosion  are: 
Probability  of  polarization  and  subsequent  depolarization ; possible 
formation  of  high-resistance  films  on  the  metal  surface;  the  prob- 
ability that  in  certain,  as  yet  undefined,  conditions  pitting  may  act- 
ually retard  corrosion  and,  lastly,  the  character  of  the  metal  itself. 

The  efficiency  of  corrosion  in  soils  has  little  to  do  with  the  volt- 
age found,  excepting  as  it  affects  the  current  density,  it  having  been 
demonstrated  that  corrosion  is  not  appreciably  different  at  voltages 
from  o.i  to  0.6  and  from  5.0  to  lo.o  volts.  Experiments  upon  soils 
from  widely  separated  districts  indicate  that  corrosion  efficiencies 
of  from  50  per  cent  to  no  per  cent  may  be  expected  in  the  case  of 
iron  buried  in  soils. 

We  have  .stated  above  that  depth  of  burial  as  ordinarily  found 
does  not  affect  the  rate  of  corrosion.  It  is  necessary  to  modify  this 
in  this  respect,  namely,  that  if  our  structures  are  not  below  the  frost 
line,  we  will  find  a difference  in  the  soil  resistance  varying  with  the 
season.  Thus  at  18  degrees  below  zero  it  is  something  like  250 
times  that  found  in  soil  at  18  degrees  above  zero.  It  is  evident, 
therefore,  that  soil  surveys  should  be  made  in  warm  weather  rather 
than  in  the  winter. 

In  considering  the  possibility  of  corrosion  from  the  return-cir- 
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cuits  of  electric  railways  we  should  consider  average  load  condi- 
tions rather  than  jieaks,  for  results  of  experimentation  show  that 
it  is  not  the  higher  voltages  which  cause  the  most  marked  corrosion, 
since  the  rate  of  corrosion  does  not  increase  in  anything  like  the 
same  ratio  as  the  voltage  increase,  h'or  the  full  data,  sec  Bulletin 
Xo.  25,  Bureau  of  Standards. 


.SKI.I'-CORROSIOX  OF  MiriAI.S  IX  SOILS 

When  two  dissimilar  metals,  or  two  pieces  of  the  same  metals, 
are  immersed  in  damp  soils  current  is  at  once  set  up,  which  tends  to 
flow  without  interruption,  unless  polarization  sets  in.  Tt  is  known, 
however,  that  depolarization  takes  place  (piickly,  and  the  current 
flow  again  begins,  the  flow  being  re-current  for  indefinite  periods. 
'I'he  jiolanty  of  two  pieces  of  the  same  metal  will  often  reverse, 
but  this  i.s  jiot  true  of  two  metals  electrically  dissimilar,  such  as 
copper  and  iron,  where  we  always  find  the  iron  positive  towards  the 
coiiper.  \\’e  should  remember  that  current  set  up  in  this  manner 
does  not  have  to  travel  any  great,  distance  through  the  soil,  which, 
if  damp,  offers  a low  resistance  to  the  passage  of  current. 

I'bxjieriments  with  mild  steel  immer.se(l  in  soils  for  66  days 
showed  the  following  results,  taking  the  losses  in  weight  as  a meas- 
ure of  the  corrosion  efficiency  of  the  soils  used:  Clean  sand  showed 
the  least  action,  although  it  may  be  pronounceil  if  saturated  with 
moisture:  light,  sandy  soils,  a little  greater  action;  heavy  clays 
c;irrying  from  10  per  cent  to  15  percent  water  next,  and  lastly,  black, 
peaty  soils  showing  the  greatest  action.  In  these  soils  the  average 
rate  of  corrosion  was  1.39  grams  per  year,  at  which  rate  an  iron 
])ipe  of  thickness  would  jirobably  corrode  through  in  about 

eight  years.  I'nder  exaggerated  soil  and  metal  conditions  the  life 
may  be  even  shorter. 

A most  interesting  condition  is  found  in  the  case  of  pipes  placed 
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Fig.  6. — Potentiometer 


in  trenches  and  siihsetjuently  buried  in  a mixture  of  soils,  or  in  two 
or  more  unlike  soils  in  simple  contact,  h'xperiments  show  that  iron 
corrodes  fa.ster  under  such  soil  conditions  than  it  does  in  any  one 
of  the  siiy^le  soils,  the  most  marked  corrosion  being  shown  at  points 
of  contact  between  two  .soils.  Xaturally  two  soils,  to  show  this 
effect,  must  be  in  a state  of  unstable  chemical  condition,  otherwise  no 
difference  of  jiotential  will  be  set  up  between  them.  When  lead 
laterals  in  our  streets  are  laid  in  trenches  and  buried  in  the  exca- 
vated soils,  we  have  just  such  a condition  in  many  in.stances,  and 
there  is  absolutely  no  doubt  that  much  of  the  corrosion  of  such 
laterals  is  due  to  this  very  condition.  There  need  be  no  current 
from  outside  sources  to  set  up  this  action,  but  if  present  such  cur- 
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rent  undoubtedly  accelerates  the  action.  The  potentials  found  under 
such  conditions  are  often  as  high  as  i volt  where  two  dissimilar 
metals  are  immersed  in  a soil  or  where  a single  metal  is  immersed 
in  two  unlike  soils. 

Experiments  carried  out  in  Detroit  with  various  soils  in  com- 
bination with  copper,  zinc,  lead,  cast  iron  and  steel  have  shown 
very  interesting  results.  Two  unlike  metals  were  placed  in  the 
soils  with  one  end  of  each  above  the  soil  surface,  these  ends  being 


Copper  Zinc  Copper  Zinc  Copper  Zinc 


CoPHEK-ZiNC  IClectkodes.— -Stri])S  of  copper  and  zinc  immersed  in  a sandy-clay  soil 
for  three  months.  The  metals  were  not  in  metallic  contact  in  the  soil.  They  were  con- 
nected through  an  e.xternal  circuit  to  a |K)tentiomctcr,  by  wliich  the  voltage  and  the 
amperage  were  «letermined.  The  whole  apparatus  was  thoroughly  insulated  and  no  external 
elcctricT'tjrrent  could  enter  the  system,  llecause  of  the  difference  in  solution  jnessures  of 
the  two  metals  in  the  soil,  which  acted  as  an  electrolyte,  a current  was  set  up  between  the 
two  metals,  zinc  being  the  anode  of  the  cell.  'I'hc  anode  was  rapidly  attackcrl  under  these 
conditions. 


Fig.  7. — Metals  in  a Sandy  Clay  Soil 
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connected  through  a sensitive  potentiometer,  by  which  it  was  pos- 
sible to  read  the  voltage  and  the  amperage  of  each  such  cell, 
J'igs,  5 and  6, 

Thus,  copper-zinc,  lead-steel,  steel-cast  iron  and  lead-cast  iron 
electrodes  were  placed  in  the  various  soils  and  left  for  three  months. 
In  this  time  the  characteristics  of  each  cell  were  noted  and  the 
losses  in  weight  also  determined.  Sixty  such  cells  were  set  up. 
The  .soils  were  placed  in  earthenware  crocks,  the  electrodes  inserted 


C.  Iron  Le;ul  C.  Iron  T.ead  C.  Iroti  Lead 


Lkad-Cast  Iho.n  Ki-kctrodes. — Strips  of  lead  and  cast  iron  immersed  in  a clay  soil  for 
three  months.  Metals  not  in  contact  in  the  soil.  Metals  connected  to  a potentiometer 
through  an  external  circuit,  wherehy  the  voltage  and  amperage  were  determined.  The 
entire  system  was  well  insulated  against  the  entry  of  external  electric  current.  In  this 
ca.se  both  the  metals  were  attacked,  the  polarity  of  the  system  varying  during  the  test.  The 
cast  iron  corrotled  evenly,  whereas  the  lead  is  j)itted  hadly  in  local  areas. 


Fig.  8. — Metals  in  Clay  Soil 
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Copper  Zinc  C.  Iron  Lead 

Cell  No.  12  Cell  No.  30 

Fig,  g. — Aiito-Klcctroly.sis  of  Metals  in  Sandy  Loam 
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and  the  surface  of  the  soil  covered  with  ^ inch  of  paraffin  to  pre- 
vent loss  of  moisture.  In  all  cases  the  moisture  content  was  fixed 
at  30  per  cent  by  weight  of  the  dry  soils.  Needless  to  say,  this 
percentage  of  moisture  did  not  give  the  same  apparent  wetness  to 
the  various  soils,  but  it  was  necessary  to  have  a standard  moisture 
content,  and  experimentation  showed  that  30  per  cent  of  moisture 
with  average  .soils  should  give  about  75  per  cent  corrosion  effi- 
ciency. The  loss  in  moisture  from  cells  protected  with  paraffin  was 
found  to  he  less  than  0.25  per  cent  in  three  months*  time,  an  amount 
so  small  as  to  be  negligible.  Figs.  7,  8,  9 and  10. 

In  soils  containing  considerable  .salt  the  current  set  up  may  be 
as  high  as  50  milliamperes  at  a potential  of  600  millivolts,  a (piantity 
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sufficient  to  cause  very  marked  corrosion  of  the  anode,  especially 
with  a cell  having  copper-zinc  electrodes,  where  the  solution  pres- 
sures of  the  two  metals  are  widely  different. 

Observations  of  the  corrosions  of  pipe  laterals  in  the  streets  of 
Detroit  seemed  to  indicate  that  there  must  be  factors  at  work  other 
than  the  action  of  stray  electric  currents,  for  such  corrosion  was 
noted  in  many  instances  where  absolutely  no  current  flow  was 
detected  with  very  sensitive  meters.  Analyses  of  the  soils  in  such 
cases  indicated  the  pre.«ence  in  concentrated  form  of  street  refuse, 
which  had  found  its  way  by  .seepage  between  the  pavement  and  curb- 
ing down  to  the  piping  beneath  the  surface. 

Cells  set  up  with  .street  refu.se  containing  30  jier  cent  moisture 
proved  that  such  material  will  act  markedly  as  an  electrolyte,  and, 
also,  such  material  is  generally  corrosive  in  action  ^from  a purely 
chemical  standpoint.  Lead  immersed  in  such  material  loses  weight 
rapidly,  the  action  being  characterized  by  marked  pitting.  Here  we 
have  corrosion  going  on  in  the  absence  of  any  electric  current,  and 
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there  can  be  no  doubt  whatever  that  much  of  the  corrosion  of  lead 
laterals  beneath  our  streets  is  caused  by  soil  action  or  bv  street 
refuse,  h'ig,  ii. 

d'here  is  still  another  dangerous  condition  of  piling  which  we 
cannot  pass  by  without  comment,  namely,  the  burial  of  pipes  in 
cinders.  A case  has  recently  come  to  my  attention  where  iron  pipe 
was  rendered  useless  througli  pitting  under  such  conditions.  W'hen 
this  pipe  was  taken  up  it  was  found  to  be  heavily  coated  with  cinders, 
and  beneath  the  particles  of  carbon  (cinders)  pits  were  invariably 
forming.  This  pipe  carried  lirine,  and  when  the  ])ipe  was  once 
punctured  the  corrosion  was  undoubtedly  accelerated  through  the 
presence  of  brine  around  the  pi])e.  Kefore  taking  uj)  this  pijie  po- 
tential and  current  measurements  were  taken,  there  being  only  a 
small  potential  drop  along  its  length,  and  no  current  flow  which 
could  be  detected  with  a milli-ainmeter  reading  to  0.005  milli-am- 
pere.  d'his  j)ipeline  lasted  about  si.x  years  under  these  conditions. 
The  corrosion  in  this  case  was  undoubtedly  due  to  self-electrolysis 


Wrought  iron  coupling,  30  inches  in  diameter.  laid  in  a cinder-fill  in  a region  where 
there  could  he  no  stray  electric  currents.  Note  the  deep  pitting  and  also  general  cor- 
rosion due  to  the  presence  of  carbon  in  the  cinders  in  the  presence  of  water. 

Fig.  1 2. — Scl  f-Elcctrolysi.s 
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set  up  between  the  carbon  of  the  cinders  and  the  iron  of  the  pipe, 
moisture  and,  finally,  brine,  each  contributing  to  the  rate  of  corro- 
sion. Fig.  12. 

I may  state  finally  that  it  will  do  little  good  to  insulate  our 
piping  against  heat  and  cold  unless  we  see  to  it  that  such  insulating 
material  cannot  become  .saturated  with  moisture,  for  in  a saturated 
condition  they  will  .serve  admirably  as  conductors  of  current. 

T realize  that  to  many  of  you  data  brought  out  may  be  only  of 
slight  interest:  in  fact,  to  .some  it  may  seem  somewhat  far-fetched 
to  assume  it  to  be  of  any  real  value  to  refrigerating  engineers.  I 
trust,  however,  that  when  erecting  concrete  structures,  or  when 
])lacing  metallic  structures  beneath  the  ground,  you  may  find  some 
hints  lierein  which  will  better  enable  you  to  conserve  them  against 
the  ever-present  danger  of  corrosion. 


DI.SCL'.SSIOX 

L.  Fairbanks — 1 would  like  to  ask  Mr.  Smith  one  que.stion. 
We  have  a steel  and  concrete  warehouse  in  which  we  have  been 
getting  a great  deal  of  corrosion  at  the  column  footings,  and  also  on 
our  brine  mains  just  outside  of  and  where  they  enter  the  warehou.se. 
Our  tests  show  that  the  direction  of  current,  as  well  as  the  differ- 
ence in  potential,  vary  at  different  times;  at  first  being  into  the 
warehouse  and  then  out  of  the  warehouse,  and  I would  like  to  ask 
if  he  has  any  idea  of  what  may  be  the  cause  of  this  condition.  The 
difference  in  potential  varies  from,  .say,  18  to  75  milli  volts. 

Mr.  Smith — Have  you  noticed  any  difference  during  the  day? 
Ts  it  higher  in  the  morning  than  the  evening? 

F.  L.  Fairbanks — No,  the  change  is  during  the  day. 

Mr.  Smith — Without  any  special  regularity? 

J'.  L.  Fairbanks — Yes  and  no;  the  only  regularity  we  have  been 
able  to  determine  is  that  it  seems  to  be  synchronous  with  the  tides. 
It  reverses  itself  twice  daily,  as  shown  by  readings  taken  regularly 
for  several  days. 

.^^r.  S)nith — Possibly,  T can  throw  a little  light  on  that:  I don’t 
know  that  it  fits  the  case,  but  at  St.  Claire,  Mich.,  is  located  a large 
salt  works,  and  we  have  considerable  trouble  there  where  one  of  our 
interurban  lines  parallels  some  of  their  brine  lines.  We  made  ex- 
tended surveys  of  the  soil  and  conditions  of  potential  and  current 
flow  between  our  rails  and  their  pipes,  and  also  between  the  pipes  and 
the  apparatus  within  their  buildings.  We  found  that  at  times  they 
were  responsible  for  the  current  on  the  pipes,  and  at  other  times  we 
were  responsible.  When  our  cars  are  running  parallel  to  their  plant, 
especially  when  several  cars  would  go  through,  perhaps  a train  of 
four  cars,  stopping  and  starting  at  a bridge  nearby,  the  accelerating 
current  is  very  high,  and  at  those  times  their  pipe  lines  received  con- 
siderable current  from  our  rails,  but  when  our  cars  were  not  nearer 
than  one-half  a mile  in  cither  direction,  then  the  railway  apparently 
had  no  effect  on  them  whatever.  The  current  was  emptying  from 
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their  plant  to  the  pipe  line  constantly.  Your  case  may  he  something^ 
on  that  order. 

F.  L.  Fairbanks — We  assume,  of  course,  that  there  is  a bare 
possibility  of  current  going  and  coming  from  an  elevated  rail- 
road structure,  although  this  is  some  distance  away.  There  are  no 
cars  on  the  street,  no  rails,  and  our  own  current  is  alternating,  which 
would  eliminate  this  as  the  probable  source.  Our  tests  show  direct 
current,  which  reverses  its  polarity  with  the  tide. 

.1/r.  Smith — There  is  one  ])hase  of  the  study  of  the  effect  of 
electric  current  we  are  inve.stigating  at  the  j)resent  time,  which  is 
entirely  apart  from  refrigeration,  that  shows  how  far  the  effect  of 
electrical  current  may  be  felt,  namely,  the  effect  of  electric  current 
upon  trees.  It  .so  happens  that,  when  an  electric  railway  secures  a 
right  of  way  through  the  country,  it  has  to  guarantee  the  preserva- 
tion of  the  trees  as  far  as  j)ossible.  We  had  a case  not  long  ago 
where  the  line  was  sued  for  quite  a large  sum  of  money  for  the  death 
of  a tree  situated  over  i,6oo  feet  from  our  rails,  anil  we  thought  it 
was  absolutely  absurd  and  did  not  hesitate  to  say  so.  When  we 
came  to  make  surveys,  we  found  there  was  a marked  difference  of 
potential  between  that  point  and  our  rails  and,  by  setting  apart  the 
1, 600  feet  into  lengths  of  40  feet,  vve  found  there  was  a fairly  uni- 
form drop  in  potential.  That  tree  was  uiuiuestionably  getting  cur- 
rent through  its  roots,  and  I believe  that  it  actually  killed  the  tree; 
we  paid  for  it,  anyway.  I really  do  not  know,  Mr.  Fairbanks,  to 
what  to  ascribe  your  trouble,  unless  it  is  caused  by  alternate  wetting 
and  drying  of  the  walls  of  the  building  when  exposed  to  tidal  action. 
.A.  waterproof  covering  ought  to  stop  this  effect. 

F.  L.  Fairbanks — It  is  a serious  matter  with  us,  as  we  have  lost 
30,000  or  40,000  gallons  of  brine  due  to  electrolysis  of  the  pipe  lines, 
and  heavy  copper  cables  with  heavy  copper  plates  as  collectors  seem 
to  have  no  appreciable  effect.  T believe  that  the  only  sure  way  to 
protect  a line  is  by  insulation  ; insulation  will  stop  it  if  carefully  done. 

Mr.  Smith. — I was  going  to  ask  if  you  had  put  in  insulating 
joints  wherever  pipes  enter  or  leave  your  buildings? 

F.  L.  Fairbanks — Xot  only  did  we  insulate  the  joints,  but  we 
insulated  the  pipe  line  itself. 

Mr.  Smith — You  have  been  able  to  cut  it  down  that  way? 

F.  L.  Fairbanks — have  been  able  to  stop  it  as  far  as 
the  pipe  line  is  concerned,  but  we  get  it  at  some  other  point. 

Mr.  Smith — I could  not  .state  the  cause  without  knowing  all 
the  conditions.  In  the  experience  T have  had  in  the  study  of  corro- 
sion, I have  vet  to  find  two  cases  alike. 

Bruce  Walter — 1 have  a few  notes  on  an  experiment  I made  on 
corro.sion  of  pipes  in  an  ammonia  condenser,  that  I think  will  be  of 
interest  to  the  Society : 

In  the  year  1904  the  air  refrigerating  plant  at  the  Isabella  Fur- 
naces of  the  United  States  Steel  Corporation  was  completed.  At 
that  time  there  was  considerable  difference  of  opinion  as  to  the 
relative  durability  of  steel  and  iron  pipe,  so  following  the  older 
])ractice  we  decided  to  use  wrought  iron  throughout.  In  1905,  in 
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Fig.  13. — Pipe  Installed  December  4,  1905,  and  Removed 

September  i,  1915 
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order  to  determine  the  question  of  durability,  part  of  one  coil  of 
the  ammonia  condenser  was  dismantled  and  rebuilt  of  alternate 
lengths  of  standard  weight  wrought  iron  and  steel  pipe.  A few 
months  ago  it  .seemed  advisable,  on  account  of  corrosion  in  certain 
parts  of  the  sy.stem,  to  renew  these  condenser  coils. 

close  surface  inspection  of  all  this  pipe  was  made  after  the 
sy.stem  was  dismantled.  Xo  corrosion  whatever  was  found  inside. 
ICvery  length  showed  considerable  corrosion  outside,  there  being  no 
a])preciable  difference  between  the  various  pipes  so  far*  as  could  be 
detected  by  the  eye.  Xo  leaks  had  developed  in  any  of  the  test  pijies. 
Pieces  about  6 feet  long  were  then  cut  from  each  of  the  pipes  in  the 
test  coil  and  numbered  in  rotation  from  the  toj)  of  the  coil  down- 
wards. The  rust  was  cleaned  off  with  a wire  brush,  and  measure- 
ments made  of  the  dejitli  of  several  of  the  dee])e.st  pits  in  each  length. 
Each  piece  was  also  analyzed  and  tested  to  check  up  the  records  as 
to  the  identity  of  the  material.  The  relative  position  of  these  pipes 
in  the  coil  and  the  appearance  after  being  cleaned  from  rust  are 
shown  in  Figs.  13  and  14. 

All  these  pipes  had  lost  about  one-third  of  their  average  thick- 
ness. Measurements  of  the  pits  in  each  length  from  this  test  coil 
resulted  as  follows: 


The  average  outside  diameter  of  both  the  wrought  iron  and 
steel  jupe  after  cleaning,  as  figured  from  circumferential  measure- 
ments, was  found  to  be  2.34  inches,  whereas  the  standard  outside 
diameter  for  this  size  pijie  is  2.375  inches,  showing  a loss  of  .035  inch 
due  to  corro.sion.  Adding  half  this  general  loss  to  the  depth  of 
j)itting  gives  the  maximum  depth  of  corrosion. 

.\  similar  examination  of  the  wrought  iron  pipes  used  in  the 
other  coils  of  this  .system  showed  them  to  be  in  the  same  condition. 
In  short,  there  was  clearly  no  difference  in  corrosion  between  the 
wrought  iron  and  steel  pipe  after  practically  ten  years’  actual  ser- 
vice conditions. 

A\  FI.  Hiller — Did  you  weigh  the  pipe? 

Bruce  Walter — Xo.  we  did  not  weigh  the  pipe. 

Mr.  Smith* — Mr.  Fairbanks’  case  undoubtedly  illustrates  the 
fact  that  the  causes  of  corrosive  action  arc  often  far  removed  from 
the  point  where  corrosion  is  manifested.  I am  inclined  to  believe 
that  through  waterj)roofing  of  both  the  outer  and  inner  walls  of  the 
building,  where  ex|x).sed  to  alternate  wetting  and  drying,  should 
greatly  cut  down  the  entrance  of  electric  current  into  the  building 
and  also  into  apparatus  situated  therein. 


* .Xuthor's  closure  tnuler  tlie  rules. 


.Average  depth  of  deepest  pit 

-Average  depth  of  ten  deepest  pits 
Depth  of  deepest  pit  found 


.^tccl  Iron 

.048  inch  .045  inch 
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THE  WORK  OF  THE  BUREAU  OF  STANDARDS  ON  CON- 
STANTS OF  REFRIGERATION 

By  H.  C.  Dickinson,  Bi  rkau  of  Standards,  Washington,  D.  C. 

1 have  a special  purpose  in  presenting  this  review  of  the  work 
that  the  Jlureau  of  Standards  has  been  doing,  namely,  that  this 
Society  may  be  informed  of  the  jirogress  of  the  several  investiga- 
tions along  this  line.  Yon  understand  that  the  program  which 
has  been  undertaken  was  considered  more  or  less  carefully  by  a 
committee  of  this  Society  and  members  of  the  Ihireau  staff,  but  T 
think  it  would  be  well  for  us  all  to  keep  in  closer  touch  with  what 
is  being  done,  I shall  try  to  cover  as  briefly  as  possible  a number 
of  j)oints  and  shall  be  jileased  to  answer  at  any  time  any  questions 
which  may  arise.  In  order  to  cover  the  ground,  extreme  brevity 
will  be  necessary.  With  reference  to  the  jiapers  presented  tonight 
on  “The  d'e.sting  of  Thermal  Insulators”  and  "Preliminary  Measure- 
ments of  the  Specific  Volume  of  Anhydrous  Ammonia,”  the  latter 
based  on  the  work  by  Dr.  Ilarjier  and  Mr.  Cragoe,  and  the  former, 
the  work  on  conductivity,  most  of  which  has  been  done  by  Mr.  Van, 
Dusen,  aggregate  approximately  25  per  cent  of  all  the  work  done 
by  the  lUireau  on  constants  of  refrigeration  within  the  time  covered 
by  these  papers,  d'here  are  a number  of  other  problems,  some  of 
which  have  occupied  much  more  time  than  cither  of  these  investi- 
gations. These  J shall  try  to  outline  very  briefly. 

Dr,  Ilarjier  has  explained  quite  clearly  why  we  do  not  wish 
to  be  jiremature  in  presenting  results  in  numerical  form.  It  seems 
important  to  present  only  the  final  numerical  results,  avoiding  the 
jinblication  of  figures  which  may  need  to  be  changed  even  slightly 
at  a later  date. 

There  arc  a number  of  sei)arate  topics  to  be  presented,  and  if 
there  are  any  questions  on  any  point  do  not  hesitate  to  bring  them 
up  immediately.  The  first  piece  of  work  to  be  presented  is  the 
study  of  the  specific  heat  and  latent  heat  of  anhydrous  ammonia. 
The  latent  heat  ajq>ears  in  Cla])eyron’s  equation,  and  practically 
no  observations  of  real  value  have  lieen  made  on  this  constant  since 
the  time  of  Regnault.  His  twelve  experiments  represent  perhaps 
the  most  important  published  experimental  work  on  this  subject. 
The  Bureau’s  results,  as  yet  unpublished,  are  almost  certainly  good 
within  0.5  per  cent  for  the  whole  range,  but  much  better  results 
than  this  are  to  be  expected  before  publication.  Fig.  i represents 
the  aneroid  calorimeter  which  was  shown  you  last  year  in  diagram- 
matic form  as  it  was  used  for  determining  the  specific  heat  and  latent 
heat  of  fusion  of  ice.  It  consists  es.sentially  of  a copper  shell  fitted 
with  an  electric  heating  coil  and  a resistance  thermometer,  the  copper 
shell  containing  a steel  cylinder  in  which  can  be  placed  water,  ice 
or,  in  this  case,  liquid  ammonia.  Last  year  this  calorimeter  was 
used  with  ice  and  water ; latterly  with  liquid  ammonia  by  adding 
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Fig.  I. — Aneroid  Calorimeter;  Detail  View 
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thin  steel  tubes  for  fillinj;  and  emptying  the  cylinder.  'J'he  cylinder, 
. /,  is  i)rovided  with  cro.ss  vanes  to  ecjualize  the  temperature. 

'rhe  .‘specific  heat  of  li(jiiid  ammonia  is  determined  by  filling 
the  cylinder  as  full  of  ammonia  as  the  conditions  will  permit  (the 
whole  container,  C,  being  immersed  in  a hath,  the  temperature  of 
which  is  thermostatically  controlled),  raising  the  temperature  of 
the  cylinder,  measuring  the  amount  of  energy  supj)lied  electricallv, 
while  keej)ing  the  temi)erature  of  the  outer  shell  continually  equid 
to  that  of  the  cylinder,  and  measuring  in  that  way  the  heat  capacity 
of  the  whole  sy.stem.  Knowing  the  heat  capacity  of  the  metal  parts, 
the  heat  capacity  of  the  ammonia  can  he  determined. 

'J'he  latent  heat  is  determined  by  allowing  a small  amount  of 
ammonia  to  evaporate  from  this  container,  flowing  through  the  fine 
capillary  and  being  absorbed  or  rather  conden.sed  in  another  steel 
container  at  a lower  temperature.  I'he  procedure  is  simi)le ; with 
the  temperature  constant,  a valve  is  opened  permitting  ammonia  to 
evaj)orate  slowly,  and  at  the  same  time  enough  heat  is  supplied 
electrically  to  keep  the  temperature  con.stant,  i.  e.,  to  balance  the 
latent  heat  of  vaporization  of  the  licpiid  which  evaporates.  At  the 
end  of  the  experiment  the  ammonia  valve  is  closed,  the  heat  is 
also  shut  off  by  opening  a switch  and  the  whole  is  allowed  to  come 
hack  to  ecpiilibrium  as  nearly  as  possible  at  the  original  tempera- 
ture. The  temperature  and  the  amount  of  heat  supplied  arc  mea- 
sured, as  well  as  the  amount  of  ammonia  eva])orated ; thus  the 
latent  heat  is  computed,  numerous  minor  corrections  of  course  being 
neces.sary.  There  are  other  details  which  1 will  not  go  into. 

Fig.  2 shows  the  corner  of  the  laboratory  in  which  this  appa- 
ratus is  mounted.  The  potentiometer,  P,  serves  to  measure  the 
amount  of  energy  .supplied  to  the  heating  coil.  The  Wheatstone 
bridge,  JF,  serves  to  mea.sure  the  temj)erature  by  means  of  platinum 
resistance  thermometers  with  a sensitivity  of  ahont  a ten-thousandth 
of  a degree.  The  figure  also  shows  two  galvanometers  mounted 
on  the  walls,  telescopes  for  observing  the  same,  and  the  pressure 
gages  which  indicate  the  pressures  in  the  carbon-dioxide  refrigerat- 
ing system  used  for  controlling  the  temperature  of  the  bath  in 
which  the  calorimeter  is  immersed.  The  calorimeter  is  shown  stand- 
ing outside  the  bath,  with  its  jacket  removed. 

The  results  with  this  apparatus  have  been  fairly  satisfactory, 
giving  an  accuracy  of  possibly  0.3  per  cent.  Considering  the  fact  that 
not  onK  ammonia,  but  all  the  other  commercial  refrigerants,  as  well 
as  some  other  sub.stances,  were  to  be  studied  by  the  same  method,  it 
seemed  that  considerable  improvement  in  convenience  and  in  ac- 
curacy could  be  profitably  obtained  by  re-designing  and  rebuilding 
the  apparatus ; therefore  considerable  lime  has  been  spent  in  building 
not  a duplicate  but  a successor  to  the  apparatus  here  represented. 
The  parts  of  this  new  calorimeter  are  shown  in  Fig.  3.  A is  a steel 
shell,  which  has  been  tested  to  2,000  pounds  pressure  ])er  square 
inch.  The  two  steel  ends,  c,  e,  screw  onto  the  ends  of  the  .shell,  and 
like  all  the  remainder  of  the  inside  are  carefully  coated  with  pure 
tin,  protecting  them  from  rusting  and  from  the  action  of  the  am- 
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Aneroid  Calorimeter  and  Accessories.  For  Measurement  of  SiTecific  Heats  and  Latent  Heats  to  any  Temperature. 

— 50“  to  + 200"  C. 
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3- — Latent-1  ieat  Calorimeter  of  Aneroid  Type — Disassembled 


Tig.  4. — Latent-Ileat  Calorimeter  of  Aneroid  lype — Partially  Assembled 


nionia.  A copper  cylinder  or  sleeve,  /.  slips  over  the  steel  shell, 
with  a very  narrow  air  space  between.  Copper  caps,  c,  c.  fit  over 
the  steel  ends,  e,  e,  also  with  a narrow  air  space  except  at  the  outer 
edge.  H represents  a double  electric  heating  coil,  which  fits  exactly 
inside  the  tube  T.  The  two  parts  of  this  heater  may  be  used 
indei)endently,  so  as  to  distribute  heat  on  the  inside  of  the  calori- 
meter with  reference  to  the  level  of  the  evaporating  liquid.  If  the 
level  of  the  liquid  is  toward  the  bottom,  heat  is  supplied  at  the 
bottom,  and  conversely.  .standard  type  of  platinum  resistance 
thermometer  is  built  within  a bra.ss  tube,  Ft,  which  fits  inside  the 
heating  coil,  d'he  tube  T,  into  which  heater  and  thermometer  are 
fitted,  carries  a number  of  tin-covered  steel  vanes,  which  .serve  to 
quickly  equalize  the  temperature  throughout  the  li(|uid  in  the  calori- 
meter. The  thermometer  in  the  former  calorimeter  previously  de- 
scribed was  not  entirely  satisfactory,  since  the  method  of  construc- 
tion imposed  certain  limitations.  In  the  new  calorimeter  we  have 
an  excellent  thermometer,  which  will  certainly  be  reliable  to  a few 
ten  thousandths  of  a degree.  ^ is  a sy.stem  of  baffle  plates,  which 
are  placed  just  below  the  outlet  tubes  to  prevent  spray  from  passing 
out  with  the  vapor.  The  presence  of  {xirticles  of  liquid  in  the  vapor 
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is  one  of  the  chief  causes  of  error  in  most  measurements  of  heat  of 
vaporization,  and  this  system  of  baffles,  as  well  as  the  system  of 
temperature  distribution,  has  been  carefully  designed  to  avoid  the 
possibility  of  such  errors.  Fig.  4 represents  the  same  apparatus 
partly  assembled.  The  copper  sleeve  is  in  place  while  the  other  parts 
are  ready  to  assemble. 

The  reason  for  the  copper  shell  being  separated  from  the  steel 
cylinder  by  a narrow  air  space  is  as  follows : /\t  some  point  in  the 
cylinder,  when  used  for  latent  heat  measurements,  there  must  be  a 
free  surface  of  licjuid  where  most  of  the  cooling  is  taking  place. 
The  method  of  measurement  requires  that  the  temperature  all  over 


F'R-  5- — Flow  Calorimeter  for  Latent  Heat  Measurements.  Sjiiral  'fube  to 
Carr\'  the  Refrigerant.  Surrounded  Inside  and  Outside  by  Spiral  Tubes 
Containing  Electric  Heater  Wires 

the  surface  of  the  calorimeter  be  known,  and  this  copper  shell,  which 
is  not  in  contact  with  the  steel  surface,  tends  to  smooth  out  the 
temperature  gradient  and  increase  the  accuracy  of  the  temperature 
measurement. 
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Another  entirely  different  method  is  also  being  used  for  the  de- 
termination of  latent  heat.  h'ig.  5 is  a cross  section  of  a discarded 
calorimeter  like  the  one  which  is  being  u.sed.  At  the  center  is  a small 
tube,  serving  as  an  inlet  for  liciuid  ammonia.  'I'his  tube  ends  in  a 
platinum  capillary,  and  the  licjuid  ammonia  enters  through  the 
capillary  into  the  inner  space  whence  it  flows  back,  entering  the  coil, 
flowing  the  length  of  this  coil  and  out  into  another  coil  which  is 
.se|)arated  from  this,  but  is  not  shown  in  the  figure,  and  on  to  the 
outside.  Inside  and  outside  of  this  coil  is  wound  a copper  tube 
containing  an  electric  heating  element  which  serves  to  supplv  ac- 
curately enough  heat  to  compensate  for  the  cooling  effect  of  the 
evaporating  ammonia.  We  have  here  liquid  ammonia  entering 
and  evaporating  and  the  vjipor  leaving  at  the  same  tem|x^rature ; thus 
this  is  virtually  a refrigerating  system  in  a very  small  space  in 
which  heat  can  be  supplied  exactly  as  required  to  compensate  for 
the  cooling.  This  method  is  thus  entirely  different  from  the  pre- 
vious method.  It  has  given  considerable  trouble  in  some  respects 
which  were  unforeseen,  but  it  bids  fair  to  give  eventually  excellent 
results  as  a check  method. 

The  Secretory — How  do  you  check  one  again.st  the  other? 

Mr.  Dickinson — .\s  far  as  results  have  been  obtained,  we 
check  within  the  limits  of  accuracy  of  those  results.  There  are  as 
vet  onlv  a few  observations  bv  the  latter  method  which  are  reliable. 

m ^ » 

The  Secretary — What  per  cent  ? 

^^r,  Dickinson — Not  over  0.5  per  cent,  but  it  is  too  early  to 
compare  results,  since  we  have  not  yet  obtained  sufficient  observa- 
tions. 

Fig.  (i  represents  a low  temperature  bath.  This  bath  was 
shown  in  a previous  ]>aper  by  Dr.  FTar|)er,  as  it  appears  at  present 
enclosed  in  a metallic  jacket.  The  original  glass  flask  was  destroyed 
by  an  explosion  of  one  of  the  ammonia  bulbs.  The  explosion  scat- 
tered gasoline.  Dewar  fla.sk,  and  other  things  all  over  the  room.  The 
apparatus  was  then  rebuilt  with  a metallic  shell  to  protect  the 
observers. 

This  apparatus  was  originally  used  with  the  flow  calorimeter 
just  de.scribed,  but  a new  low  temperature  bath  has  been  built  which 
takes  its  place,  and  this  is  now  being  used,  as  explained  by  Dr. 
Harper.  Fig.  7 represents  the  apparatus  now  being  u.sed  with  the 
flow  calorimeter.  Tt  is  similar  to  the  one  shown  in  Fig.  2.  The  tem- 
perature can  be  regulated  between  — 50  C.  and  -j-  50  C.  to  an 
accuracy  of  two  thousandths  of  a degree  at  most  points.  The 
auxiliary  apparatus,  ])otentiometer,  etc.,  are  shown  as  in  Fig.  2. 

The  work  with  the  aneroid  calorimeter  has  been  carried  on  by 
Mr.  Osborne  with  the  assistance  of  ^Fe.ssrs.  Van  Dusen  and  Meyers. 
The  work  with  the  flow  calorimeter  has  been  carried  on  by  Mr. 
James. 

A supidementary  investigation  which  is  in  ])rogress  under  the 
supervision  of  Mr.  Mueller,  not  directly  under  refrigeration  con- 
.stants,  concerns  an  accurate  determination  of  the  vanor  pres.sure  of 
ammonia  over  a rather  limited  range  of  temperature:  perhaps  the 
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Fig.  6. — Lovv-Teniperature  Thermostat  Bath.  Dewar  Vacuum  Flask  with 
Stirrer,  Electric  Heater.  Refrigerating  Coil,  and  Temperature  Regulator 
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Flow  Calorimeter  and  all  Accessories.  The  Central  Unit,  at  the  Center  of  the  Wooden  Box,  is  the  Calorimeter 

Shown  in  Detail  in  Fig.  5 
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Fig.  8. — Apparatus  for  Measuring  the  Boiling  Point  of  .\niinonia.  The  Boil- 
ing Point  of  Pure  Anhydrous  Ammonia  is  about  — 33-3°  C.  or  — 28°  F. 
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most  jirecise  measurements  ever  made  of  this  constant  at  tempera- 
tures near  its  normal  boiling  point.  The  apparatus  shown  complete 
in  I'ig.  8 has  been  used  for  this  j)urpose.  There  is  a small  glass 
bulb  connected  through  a glass  capillary  to  a I’-tube  containing 
mercury.  This  apparatus  is  useful  as  a constant  temperature  in- 
dicator as  well  as  for  mea.suring  va])or  pressure.  Any  volatile 
liquid,  even  liquid  air,  can  be  placed  in  a bulb  of  this  type,  the  open 
end  of  the  mercury  tube  sealed  and  the  apjiaratus  used  at  any  time 
afterwards  by  immersing  the  bulb  in  a bath  at  the  proj)er  temjierature 
(within  a few  degrees  of  the  normal  boiling  point  of  the  liquid  in 
the  bulb)  to  be  measured,  breaking  oft'  the  glass  tip  shown  at 
allowing  the  atmosj)heric  jiressure  to  act  ujion  the  surface  of  the 
mercury,  and  measuring  on  the  scale  the  excess  or  deficiency  of 
pressure  compared  with  the  atmosphere.  The  jilatinum  resistance 
thermometer,  Pt.,  is  mounted  alongside  the  vapor  bulb  to  measure 
the  temperature  of  the  liquid  in  which  it  is  immersed.  In  the  present 
instance  ammonia  was  distilled  into  the  bulb,  and  vapor  pressures 
near  the  boiling  point  have  been  determined  with  considerable  pre- 
cision. Fig.  9 represents  some  of  the  results  obtained.  The  lower 
curve  covers  the  range  from  — 40  degrees  C.  to  — 28  degrees  C. 
The  upper  curve  rejiresents  an  enlargement  of  the  lower  one;  that 
is,  covering  only  the  range  near  the  boiling  point  from  — 33.9  to 
— 32.9.  d'he  scale  is  rather  open ; for  instance,  the  range  745  to 
750  on  the  upper  curve  represents  five  parts  in  seven  hundred, 
f.  c.,  a little  less  than  i per  cent  for  a whole  division.  You  will 
notice  how  closely  the  various  jioints  fall  on  the  curve.  One  point 


Fig.  9. — Vapor  Pres.sure  of  Anliydrous  Ammonia.  The  Upper  Curve  is  tlie 
Central  Portion  (about, One-Tenth)  of  the  Lower  Curve  Much  Magnified 


WORK  OK  HLKKAU  OK  STANDARDS  ON  REKRIOKKATION  CONSTANTS 


57 


Fig.  lo. — Experimental  Absorption  Refrigeraling  Plant  for  the  Stud}-  of  the 
h'onnation  of  Xon-Conclensible  Gases  in  Such  Plants 


is  somewhat  off  the  curve,  but  tliere  is  a definite  reason  for  that. 
This  is  an  intereslinij  piece  of  work  wliich  was  not  originally  con- 
sidered as  an  essential  ])art  of  the  program. 

h'ig.  lo  represents  a j)iece  of  ap|)artus  which  was  built  in  con- 
nection with  the  chemical  part  of  our  investigation.  This  was  re- 
ferred to  this  afternoon  as  the  apparatus  in  which  Mr.  McKelvey 
is  hoping  to  make  a careful  analytical  study  of  the  formation  of 
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non-condensible  gases,  etc.,  in  ammonia  systems.  I shall  outline 
briefly  how  this  apparatus  is  built.  The  two  containers,  tanks  T T, 
are  alike;  they  are  oil  baths,  in  each  of  which  is  immersed  an 
ammonia  cylinder  like  the  one  shown  at  A.  d'he  ammonia  cylinders 
on  the  two  sides  are  connected  through  a trap,  two  condenser  coils, 
C and  C'.  and  a furnace,  /•',  at  the  top,  with  the  necessary  valves, 
pressure  gages,  by-passes,  etc.,  for  regulation.  The  two  containers 
or  tanks  are  so  arranged  that  the  lujuid  surrounding  the  ammonia 
cylinders  can  be  interchanged  between  them;  for  instance,  if  we 
have  hot  oil  in  one  and  cold  oil  in  the  other,  by  means  of  a pump 
the  cold  oil  can  be  pas.sed  over  to  the  warm  tank,  and  simultaneously 
the  hot  oil  to  the  cold  tank. 

The  method  of  operation  is  .somewhat  as  follows:  Strong 

acjua  ammonia  is  j)laced  in  one  of  the  cylinders  and  water  in  the 
other,  or  perhaps  less  concentrated  aipia  ammonia  in  both,  and  the 
temperature  of  one  of  the  cylinders  is  raised  and  that  of  the  other 
lowered  by  means  of  the  heating  and  cooling  coils  provided  inside 
the  tanks.  We  have  in  effect  a generator,  a rectifier  and  a condenser 
(one  of  the  condenser  coils  acting  as  a rectifier),  by  means  of  which 
we  can  pass  ammonia  vapor  at  any  desired  jiressure  from  the  gen- 
erator through  the  furnace,  F.  The  temperature  in  this  furnace 
can  be  controlled,  and  the  ammonia  at  the  desired  j)ressure,  within 
moderate  limits,  can  be  pas.sed  through  at  any  rate  desired,  also 
within  moderate  limits.  The  effect,  therefore,  of  passing  ammonia 
from  an  ab.sorj)tion  system  through  i)iping  under  varying  conditions 
of  pressure  and  temperature,  in  the  presence  of  various  reagents, 
])laced  in  the  furnace,  can  be  studied,  d'he  oj)eration  can  be  repeated 
as  many  times  as  desired,  since  when  a sufificient  amount  of  ammonia 
is  passed  over  in  one  direction  the  cold  medium  from  the  tank  on 
the  absorbing  side  is  pumped  over  to  the  generator  side  and  the 
hot  liquid  from  the  generator  side  to  the  absorber  side,  and  the 
whole  process  re])eated,  the  vapor  passing  in  the  opposite  direction. 
Thus  the  process  can  be  carried  on  as  long  as  desired,  when  the 
charge  can  be  tested  for  production  of  foreign  gases,  etc.  The 
method  of  simulating  the  compression  system  is  evident.  Of  cour.se, 
there  is  no  means  of  reproducing  the  action  of  the  compression 
cylinder;  we  can  simply  introduce  liquid  ammonia  into  one  cylinder 
and  pass  the  vapor  alternately  from  one  cylinder  to  the  other 
through  the  furnace,  which  may  contain  any  materials  suspected  of 
having  an  effect  on  ammonia  under  working  conditions  in  compres- 
sion plants.  If  that  is  clear,  I will  pass  on  to  the  next  subject. 

The  Secretary — Do  you  .secure  the  ammonia  you  are  testing 
directly  from  the  ammonia  manufacturer,  or  is  it  some  ammonia 
that  has  been  taken  out  of  a refrigerating  system,  ammonia  that 
has  been  u.sed? 

Mr.  Dickinson — Eventually  it  is  intended  to  test  all  .sorts  of 
ammonia.  I think  probably  at  present  the  method  will  be  to  add 
known  impurities  to  pure  ammonia,  rather  than  try  to  work  with 
ammonia  taken  from  a .system  in  operation,  and  which  contains  in- 
determinate amounts  of  unknown  impurities. 
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The  Secretary — Tt  is  these  unknown  impurities  that  cause  so 
much  trouble  in  the  refrigerating  system. 

Mr.  Dickinson — Would  results  from  a number  of  samples  of 
that  kind  mean  anything?  Would  it  be  possible  to  know  that  they 
are  like  any  other  samples  one  may  encounter? 

I'he  Secretary — 'Fhat  may  be  true,  but  we  want  to  know  what 
are  the  impurities  that  are  in  the  ammonia  that  has  been  through 
our  refrigerating  system. 

Mr.  Dickinson — It  is  possible  to  determine  with  some  measure 
of  certainty  what  impurities  are  likely  to  be  present  in  a working 
system,  and  by  introducing  those  impurities,  one  at  a time,  it  may 
be  possible  to  find  which,  if  any,  are  producing  the  troublesome 
efifects. 

F.  IV.  Frerich-s — May  I ask  whether  these  cylinders  are  coated 
inside  or  are  pure  iron? 

Mr.  Dickinson — They  are  pure  iron.  The  inner  surfaces  have 
all  been  carefully  cleaned  or  turned  to  remove  all  scale  and  surface 
impurities. 

F.  JV.  Frerichs — Have  you  got  the  analysis  of  that  iron? 

Mr.  Dickinson — I believe  samples  of  it  have  been  taken ; 
whether  it  has  yet  been  analyzed  I am  not  sure. 

Just  another  word  as  regards  the  chemical  work.  Ten  samples 
of  ammonia  have  been  obtained,  commercial  samples,  three  of  which 
have  come  from  Germany.  These  samples  have  been  tested  for 
non-condensing  gases  in  the  liquid  and  vapor  phase,  for  ammonium 
acetate  and  for  water  remaining  after  evaporation  at  both  low  and 
high  pressures.  A method  has  also  been  perfected  for  determining 
the  carbonaceous  material  in  the  ammonia  by  burning  a sample  of 
it  mixed  with  oxygen  and  determining  the  carbonic  acid  formed. 

Some  physical  constants  have  been  tested  as  criteria  of  purity. 
The  variation  of  the  boiling  point  or  the  vapor  pressure  which  I 
have  just  described  docs  not  serve  as  a satisfactory  criterion  of 
purity,  so  far  as  it  has  been  tried,  as  the  presence  of  air  is  of  prime 
importance,  masking  the  effect  of  other  substances.  The  density  and 
electrical  conductivity  have  been  tried  out  to  a very  limited  extent. 

Fig.  II  represents  apparatus  used  for  determining  the  freezing 
point  of  samples  of  ammonia  with  a view  to  using  this  constant  as 
a criterion  of  purity,  d'wo  .samples  of  commercial  ammonia,  one 
of  which  was  supposed  to  be  as  pure  as  any  on  hand,  the  other  of 
which  was  known  to  be  rather  impure,  gave  a diflference  in  the 
freezing  point  of  about  one-half  degree  C.,  so  that  the  freezing  point 
would  not  serve  as  a convenient  commercial  criterion  of  purity,  as 
it  requires  rather  careful  work  to  measure  the  freezing  point  with 
sufficient  accuracy  to  indicate  the  pre.sence  of  small  impurities. 
However,  in  a laboratory  where  precise  temperature  measurements 
can  be  made,  this  criterion  may  be  extremely  valuable. 

The  apparatus  shown  in  Fig.  1 1 contains  a platinum  resistance 
thermometer  which  may  be  seen  inside  the  gla.ss  vessel.  The  glass 
tube  which  contains  the  ammonia  is  surrounded  by  a glass  jacket 
resembling  a vacuum  fiask,  the  jacket  of  which  can  be  evacuated 
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Fig.  II. — .Aiiparatus  for  Measuring  the  I’reezing  Point  of  .\nimonia.  The 
i''rcezing  Point  of  Pure  .\nhydrou.s  Ammonia  is  aliout  — 77-7'’  C.  or 
— io8“  F. 

when  desired  by  punipinjj  air  out  tlirongli  the  tube  T shown  at  the 
right  of  the  figure.  One  of  the  .small  ammonia  containers  that  was 
used  for  filling  is  shown  at  The  method  is  to  draw  lujuid 
ammonia  into  the  freezing  tube,  and  cool  down  first  as  far  as  pos- 
sible by  any  convenient  means,  then  again  fill  the  tube  with  ammonia 
to  supply  what  has  evaporated,  exhaust  with  an  aspirator  and  let 
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the  amiiionia  boil  away,  cooling  down  to  near  its  freezing  point; 
then  connect  to  sulphuric  acid  flask  and  lower  the  pressure  to  a 
point  where  the  ammonia  freezes  by  its  own  evaporation.  This 
proves  to  he  a convenient  method  of  obtaining  solid  ammonia.  If 
a supply  of  liquid  air  is  available  the  ammonia  may  be  frozen  by 
immersing  the  container  in  the  li(juid  air.  It  crystallizes  into  large, 
solid  crystals,  which  tend  to  freeze  together  and  cannot  readily  be 
stirred.  The  freezing  j)oint  of  the  pure.st  samj)les  used  was  found 
to  be  — 77.7  degrees  C.,  which  is  — 107.9  degrees  V. 

r.  ff  \ Fr cricks — I have  not  (piite  understood  in  regard  to  the 
boiling  i)oint ; has  any  difference  been  found  between  pure  and  less 
pure  ammoiiia? 

Mr.  Dickinson — 'I'he  boiling  point  is  probably  affected  so  much 
more  by  the  i)resence  of  non-condensible  gases,  air,  etc.,  than  by 
other  impurities,  that  there  is  great  difficulty  in  obtaining  a boiling 
point  sample  sufficiently  free  from  air.  It  is  evident  that  a com- 
mercial sample  which  contains  more  or  less  air  would  not  serve  for 
boiling  ])oint  determinations : the  main  result  obtained  would  be  only 
.some  indication  as  to  the  amount  of  air  the  sample  contained.  This 
in  itself  is  not  of  jirime  importance. 

/■',  IV.  Prericks — Mow  many  degrees,  or  what  part  of  a degree, 
can  the  content  of  more  or  less  air  make  in  change  of  the  boiling 
point  ? 

Mr.  Dickinson — I could  not  answer  that  ([uestion  off-hand. 
Though  the  cflect  of  the  amount  of  air  often  j)resent  would  be  very 
considerable,  I would  not  dare  to  make  a .statement  as  to  the  figure. 

Some  two  years  ago  the  lUireau  issued  a circular  on  the  freez- 
ing point  and  heat  capacity  of  various  concentrations  of  calcium 
chloride  brine.  There  have  been  many  iiKiuiries  as  to  the  same 
constant  for  sodium  chloride  of  commercial  purity,  and  as  a supple- 
mentary investigation,  the  Ihireau  is  now  determining  the  heat 
capacities  and  freezing  points  of  sodium  chloride  brines  with  the 
.same  ap])aratus  which  we  described  some  time  ago  in  the  Hulletin 
of  the  ihireau.  This  apparatus,  shown  in  h'ig.  12,  consists  of  a large 
Dewar  flask  in  which  a given  amount  of  brine  is  placed,  and  the 
heat  capacity  determined  by  supplying  a measured  amount  of  heat 
electrically  and  measuring  the  rise  of  temperature.  This  work  is  in 
progress,  and  in  connection  with  it  determinations  of  the  change 
of  density  with  temperature  are  to  be  carried  out. 

h'ig.  13  represents  the  carbon  dioxide  compressor  which  supplies 
the  cooling  for  all  the  low-tenqierature  calorimeters.  This  machine 
is  now  giving  satisfactory  results,  excejit  that  we  are  not  good 
enough  engineers  to  avoid  considerable  losses  of  carbon  dioxide  by 
leakage. 

Fig.  14  shows  a 15-atmosphcre  mercury  pressure  gage.  It  has 
five  mercury  columns,  each  having  a capacity  of  3 atmospheres 
])ressure;  it  can  thus  be  used  to  measure  pre.ssures  up  to  15  atmos- 
pheres. Mr.  Meyers  has  spent  much  time  in  getting  that  gage  in 
working  order. 

Back  of  the  gage  is  the  balance  u.sed  for  the  weighing  of 
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ammonia  bulbs  as  described  l)v  Dr.  Harper,  and  for  other  problems 
requiring  accurate  weighing. 

Fig.  15  is  a lOO-atmosphere  piston  pressure  gage  designed  at 
the  Bureau.  It  has  been  completed  but  has  as  yet  not  been  used, 
since  it  has  not  been  needed  for  any  of  the  problems  undertaken  so 
far.  It  will  be  in  demand  when  we  come  to  study  the  constants  of 
carbon  dioxide.  I might  call  attention  to  the  fact  that  in  the  design 
of  this  gage  the  same  principle  was  employed  as  Mr.  Fairbanks 
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Fig.  14. — Primary  Standard  ^^ercl1ry  Pressure  (iage.  For  Vapor  Pressure 
Measurements  Reiiuiring  the  Highest  Accuracy  and  for  Calibrating  Sec- 
ondary Gages.  Range  o to  225  Pounds  per  SqilSTe  Inch. 

described  in  the  building  of  bis  safety  valve;  that  is,  the  weight  is 
applied  at  a point  below  the  bearing  of  the  piston  in  the  cylinder, 
although  the  weights  are  supported  at  some  distance  above  this  point. 
The  whole  piston  is  an  extremely  good  fit  in  a hardened  steel  cylin- 
der. There  is  a ball  in  the  bottom  of  the  hollow  piston  sujiporting 
a plunger  which  has  another  ball  joint  above,  so  that  weights  are 
applied  on  a su])port  hung  freely  on  the  upper  ball  joint,  and  the 
thrust  is  transmitted  to  the  piston  through  the  plunger  and  the  lower 
ball  joint,  leaving  the  piston  bearing  entirely  free  from  side  jiressure. 
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Fig.  15. — Piston  Pressure  Gage.  For  Accurate  Measurement  of  Pressures 

up  to  1,500  Pounds  per  Square  Inch 

The  piston  has  an  area  of  one  scpiare  centimeter,  /.  e.,  a little  over 
three-eighths  inch  in  diameter,  and  the  total  weight  used  amounts 
to  about  200  jx)unds. 

C.  H.  Herter — Do  you  use  liquid  air  in  the  Bureau  of  Standards  ? 

Mr.  Dickinson — Oh,  yes ; we  occasionally  use  liquid  air  in  much 
of  this  work.  Every  few  days  there  is  a demand  for  liquid  air,  for 
some  purpose  or  other,  so  we  produce  it  at  the  Bureau  of  Standards 
in  our  own  plant. 

I believe  that  this  includes  the  main  problems  now  in  progress 
under  the  appropriation  for  Constants  of  Refrigeration. 

President  Doelling — Gentlemen,  the  papers  read  to-night  have 
given  us  a glimpse  of  the  enormous  amount  of  scientific  research 
work  done  by  the  Bureau  of  Standards,  and  we  refrigerating  engi- 
neers, not  only  of  this  country  but  of  the  whole  world,  are  deeply 
indebted  to  Dr.  Stratton  and  his  staff  for  the  effective  and  valuable 
work  they  are  doing,  and  I think  we  .should  show  our  thankful 
recognition  for  this  work  by  extending  a vote  of  thanks  to  Dr. 
Stratton  and  his  staff.  A motion  extending  a vote  of  thanks  was 
adopted. 

The  Secretary — I think  we  might  have  a word  from  Dr.  Strat- 
ton, he  is  here  and  is  a pretty  good  talker. 

S.  W.  Stratton — I always  hesitate  to  say  anything  about  the 
Bureau  in  the  presence  of  any  of  the  members  of  my  staff,  because 
they  know  so  much  more  about  it  than  I do.  I could  not  help  think- 
ing this  evening  of  how  this  piece  of  work  illustrates  a number  of 
things  that  you  know  very  well,  but  perhaps  have  not  thought  of  it 
in  just  that  light. 

First,  there  is  the  cooperation  between  scientific  men  in  working 
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out  a problem  of  this  kind.  One  of  the  reasons  why  the  Bureau  has 
succeeded  in  many  of  these  problems  is  that  there  is  a spirit  of 
cooperation  there ; they  help  each  other ; a man  does  not  go  off  in 
a dark  room  and  come  out  in  a few  years  with  his  solution  of  a 
problem ; he  goes  to  the  electrical  expert  for  advice  when  he  somes 
in  contact  with  that  kind  of  work  or  to  the  heat  expert  when  he 
needs  advice  on  that  subject.  If  these  gentlemen  had  been  com- 
pelled to  do  all  of  the  work  themselves,  to  build  up  all  the  standards 
used,  it  would  have  taken  a very  much  longer  time  to  do  this  work. 
That  sort  of  cooperation  is  going  on  at  the  Bureau  to-day  to  a greater 
extent  than  in  any  other  scientific  institution,  and  1 think  I may  say, 
without  undue  boasting,  th.at  that  is  the  point  in  which  the  Bureau 
of  Standards  excels  the  foreign  institutions  of  the  same  kind,  there 
is  greater  coojieration  between  the  scientific  workers. 

Take,  for  example,  these  ex])eriments ; where  would  they  have 
been  without  the  aid  of  the  chemist?  We  have  a very  close  working 
relation  at  the  Bureau  between  the  chemists  and  the  physicists- you 
do  not  find  in  any  other  institution  I know  of ; it  is  especially  not  the 
case  in  our  university  laboratories ; the  chemist  as  a rule  thinks  it 
is  an  imixDsition  to  call  upon  him  for  pure  mattrials  to  use  in  the 
physical  laboratory.  1 have  been  through  this,  I know  what  it  is, 
and  in  the  Bureau  of  Standards  the  reverse  is  true. 

This  also  illustrates  the  great  value  of  cooperation  with  the 
industries  in  the  solution  of  .scientific  problems.  I have  often  cjuoted 
this  piece  of  work  as  being  an  ideal  example  of  how  the  scientific 
laboratory  ought  to  work  in  connection  with  the  indiustries.  I know 
from  my  contact  with  these  people,  the  men  who  are  doing  this 
work,  that  the  greatest  incentive  they  have  had  to  produce  good 
results,  is  your  interest  in  it  and  your  appreciation  of  these  results. 
We  never  take  up  a piece  of  work  of  this  kind  at  the  Bureau  without 
gathering  about  us  repre.sentative  men,  usually  in  just  this  way, 
i.  e.,  through  the  technical  societies  or  associations  of  that  particular 
field  of  effort.  There  are  perhaps  30  or  40  such  associations  working 
with  the  Bureau  to-day — too  many  of  them  to  mention. 

'riiis  work  illustrates  another  point  which  few  practical  men 
think  of : that  is,  the  necessity  for  scientific  work  of  the  very  highe.st 
order  in  the  industries.  The  man  who  says  that  an  approximate 
(letermination  of  a constant  of  this  kind  is  good  enough  for  practical 
j)urpo.scs  does  not  know  what  he  is  talking  about ; the  determination 
that  is  needed  is  the  most  accurate  jiossible:  then  if  you  only  need 
two  decimal  jilaces,  throw  the  rest  away ; but  you  want  to  do  the 
throwing  away,  you  want  to  know  what  the  real  value  is,  so  far  as 
it  is  possible  to  obtain  it,  and  that  is  true  throughout  this  kind  of 
scientific  work,  it  must  be  done  with  all  the  accuracy  possible.  I 
predict  that  it  will  be  a long  time  in  the  future  before  these  results 
are  surpassed  in  accuracy,  and  yet  they  are  none  too  accurate  for 
your  purpose.  Much  of  the  distinction  between  practical  and  scien- 
tific work  is  non.sen.se,  there  is  little  distinction,  both  often  require 
the  utmo'^t  accuracy.  In  both  cases  an  approximate  result  is  some- 
times sufficient. 
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This  also  illustrates  another  thing  I desire  to  call  to  your  at- 
tention. I felt  rather  sorry  for  Dr.  Dickinson  as  he  talked  to  you  in 
common  units  of  weights  and  measures,  as  his  measurements  were 
all  made  in  the  metric  system.  Now  that  is  a ridiculous  state  of 
affairs;  why  can’t  we  all  come  to  one  common  system  of  weights 
and  measures?  Out  of  courtesy  to  you  gentlemen — probably  it  was 
not  necessary,  because  I think  most  of  you  are  as  familiar  with  the 
metric  system  as  we  are — they  were  transformed  into  the  common 
units;  but  that  is  always  the  spirit  of  the  scientific  men  who  come 
in  contact  with  the  industries,  to  give  you  the  results  in  the  units  you 
are  accustomed  to  use.  If  the  engineer  wants  his  results  in  pounds 
per  square  foot,  we  will  give  them  to  him  that  way,  but  how  much 
better  it  would  be  if  we  would  all  come  to  a common  system  of 
weights  and  measures?  I thank  you  very  much  for  your  apprecia- 
tion of  this  work. 
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TRANSPORTATION  OF  REFRIGERATED  PRODUCE 

The  Transportation  of  Refrigeratf.d  Prodl'CE.  A.  R.  T.  Woods,  London, 
England.  A paper  read  before  the  City  of  London  College,  March. 
1915.  4<>  PP-.  14  Figs. 

In  no  department  of  refrigeration  has  such  progress  been  made  as  in  the 
over-sea  transportation  of  perishable  foodstuffs.  Shipowners  have  provided 
highly  specialized  vessels  tor  that  purpose,  and  have  equipped  them  with 
machinery  which  is  a triumph  of  invention  and  engineering  skill.  Further, 
these  delicate  and  costly  machines  are  superintended  by  scientilic  craftsmen 
who  require  a special  training  for  their  work.  How  successfully  the  ship  and 
her  refrigeration  and  the  engineers  in  charge  co-operate  is  shown  by  the  fact 
that  so  large  a part  of  the  nation's  jicnshable  food  supplies  is  regularly 
brought  to  these  shores  in  good  condition,  after  passing  through  the  vicissi- 
tudes of  temperature  encountered  on  the  long  ocean  voyage  from  our  New 
Zealand  and  Australasian  possessions  or  the  River  Plate,  etc. 

But  the  same  care  and  attention  which  renders  these  voyages  possible  are 
to  a great  e.xtent  conspicuous  by  their  absence  at  the  hands  of  those  responsi- 
ble for  the  passing  on  of  the  perishable  foodstuff  from  the  wharf  or  ship  side 
to  the  consumer.  Why  this  should  be  .so  it  is  difficult  to  undenstand,  except 
on  the  ground  that  the  British  nation  in  its  onward  march  in  the  direction 
of  utilitarianism  is  handicapped  by  that  spirit  of  insular  conservatism  which 
for  good  and  for  bad  is  part  of  the  national  character. 

The  carriage  of  perishable  foodstuffs  by  sea  is  a science  of  quite  recent 
development,  as  the  following  summary  of  the  milestones  in  this  important 
industry  will  show : 


First  consignment  of  chilled  beef  from  U.  S.  .\.  to  England  (by  ice 

and  salt  process) 187.4 

I'irst  consignment  of  frozen  meat  from  New  Zealand  to  England  (by 

mechanical  cold  air  process)  per  steamship  Circassian 1879 

b'irst  consignments  of  frozen  meat  from  Australia  to  England  (by 

mechanical  cold  air  process)  per  steamship  Strathlcven 1879 

One  of  the  first  consignments  of  chilled  beef  from  the  Argentine  to 
England  (by  mechanical  brine  system),  per  steamship  Highland 
Lassie  1893 


The  first  adaptation  of  the  ice  and  salt  principle  for  the  carriage  of 
chilled  beef  from  U.  S.  A.  to  this  country,  comprised  a plant  consisting  of  a 
large  wooden  tank,  lead  lined,  placed  in  a convenient  position  adjoining  the 
insulated  ’tween  deck  in  which  the  beef  was  hung.  This  tank  was  filled  with 
broken  ice,  sprinkled  with  coarse  salt. 

'I'he  drainage  or  brine  from  the  melting  ice  was  drawn  off  from  the 
bottom  of  the  tank  liy  a small  pump,  and  circulated  through  iron  pipe  coils 
extending  over  the  roof  of  the  meat  chamber.  After  circulating  the  brine 
round  the  chamber,  any  surplus  was  discharged  into  the  ship’s  bilges. 

The  carriage  of  meat  by  this  process  was  very  .satisfactory,  but  the  great 
difficulty  to  contend  with  was  the  great  consumption  of  ice,  especially  when 
the  ship  encountered  the  higher  temperatures  obtaining  in  the  gulf  stream. 

The  most  popular  system  of  which  ^Messrs.  Swift  were  the  chief  ex- 
ponments  was  very  popular  with  American  shippers,  and  it  was  only  aban- 
doned on  the  introduction  of  mechanical  refrigeration. 

Figure  i shows  the  general  arrangement  of  a meat  chamber  on  the  ice 
and  salt  system  fitted  on  shipboard. 

I will  now  pass  on  to  the  modern  refrigeration  plant  on  shipboard,  and 
will  brieffy  outline  the  principal  methods  applied,  viz. : “The  Cold  Air  Battery 
System*'  and  “The  Cold  Brine  System.” 

Figure  2 shows  the  general  arrangement  of  the  cold  air  system  and  the 
disposition  of  air  ducts,  etc.,  which  will  enable  you  to  follow  the  flow  of 
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cooled  air  from  the  battery  coils,  a detailed  arrangeriient  of  w'hich  is  shown 
in  Figure  3,  to  the  various  ship's  chambers,  and  returning  again  to  the  bat- 
tery, thus  completing  the  cycle.  The  refrigerating  machinery  is  erected 
preferably  on  the  shelter  deck; ''on  the  upper  decks  are  the  air  coolers,  one 
on  each  side  of  the  ship,  containing  the  fans  for  circulating  the  air  and  the 
coil  batteries  through  which  ammonia  is  expanded  at  a low  pressure. 

I will  now  pass  on  to  the  brine  pipe  system  as  now  adopted  on  the 
modern  meat-carrying  steamers. 

With  this  system,  instead  of  air  ducts  being  distributed  about  the 
chamber,  there  is  secured  to,  and  extending  over  the  surface  of  the  roof, 
sides  and  ends  of  the  chambers,  brine  pipe  grids  through  which  cold  brine  is 
circulated,  thus  supplying  the  cooling  medium,  the  air  circulation  being  a 
natural  one.  To  maintain  a uniform  temperature  the  chambers  must  be  well 
piped ; that  is,  in  my  opinion,  you  can  scarcely  have  too  much  cooling  surface. 
A chamber  well  piped  has  always  a command  of  the  articles  stored,  and 
allows  a larger  quantity  of  brine  to  be  passed  through  the  circuits  at  a lower 
velocity.  A most  important  point  in  the  piping  arrangements  of  a chamber 
is  the  sub-division  of  its  circuits.  These  circuits  should  be  controlled  from 
an  inlet  and  outlet  header,  governed  by  a flow  meter,  an  inexpensive  instru- 
ment, which  gives  the  number  of  gallons  of  brine  flowing  through  each  cir- 
cuit, and  indicates  any  trouble  that  may  arise  in  the  circuit. 

On  the  question  of  brine  circuits  there  are  two  arrangements  now  used, 
viz. : the  open  circuit  system  and  the  closed  circuit  system. 

OREX  CIRCUIT  .SV.STEM 

In  the  open  system,  which  is  in  use  on  some  steamers  carrying  refrig- 
erated cargo,  the  brine,  after  passing  through  the  chamber,  returns  into  an 
open  tank,  which  is  divided  into  three  compartments  to  receive  the  freezing, 
chilling  and  thawing  brines,  respectively.  When  at  work,  for  example,  on  a 
chamber  containing  frozen  goods,  the  one-wa)'  open  bottom  cocks  which 
arc  fitted  between  delivery  headers  are  open  to  the  frozen  header  and  the 
chutes  placed  as  show'ii  on  cross  section,  sloping  into  frozen  tank.  Figure 
4,  so  that  with  the  frozen  pump  in  service,  having  its  suction  connected  to 
tank  lx)ttom,  the  brine  is  pumped  through  refrigerator,  where  it  is  cooled, 
from  there  passing  through  mains  into  header,  next  down  into  the  chamber, 
where  the  refrigeration  takes  place,  and  tinally  flnds  its  way  through  returns, 
passing  down  the  chutes  into  frozen  tank,  where  it  is  again  pumped  into 
eva])orator  and  cooled,  thus  completing  the  cycle. 

In  the  thawing  arrangement  an  independent  heater  is  so  fitted  that  when 
at  work  the  chilling  inlet  valve  on  the  brine  main  is  closed,  and  the  thawing 
valve  open,  as  shown  in  diagram.  The  hot  brine  is  now  pumped  through 
chamber  in  the  usual  manner,  finally  returning  down  the  chute  into  the  thaw 
tank,  where  it  is  drawn  off  by  the  punip  and  again  discharged  through  the 
heater. 

The  next  diagram.  Figure  5,  shows  very  clearly  the  general  arrangement 
of  the  closed  circuit  system  of  brine  distribution,  which  perhaps  is  the  most 
modern  arrangement. 

CLOSED  CIRCUIT  SYSTEM 

The  advantages  over  the  open  system  being,  viz.  r the  dispensing  with 
brine  tanks  entirely,  thereby  saving  over  50  per  cent  of  space  required  for  the 
brine  distributing  room,  and,  further,  after  the  .system  is  once  fully  charged 
with  brine,  there  is  little  chance  of  air  being  taken  into  the  system  while  in 
operation,  or  when  the  plant  is  idle.  With  this  arrangement  there  are  also 
three  brine  mains,  each  supplying  brine  at  different  temperatures  required  for 
distribution  to  the  various  chambers,  w'hich  may  be  carrying  either  frozen  or 
chilled  cargo,  or  for  thawing  down  the  chambers  when  discharged.  These 
mains  are  tapped  by  all  the  headers  supplying  the  brine  to  the  different  cham- 
bers. If  frozen  brine  is  required  for  any  particular  chamber,  the  attemperator 
cock  shown  on  the  diagram  (which  is  of  special  design,  being  an  open-bottom 
cock  with  frozen  and  chilled  orifices  in  the  plug)  is  switched  onto  frozen 
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main,  thus  taking  the  brine  direct  to  feed  header  supplying  that  particular 
chamber.  After  passing  through  the  different  sections  in  the  chamber  it 
returns  to  return  header,  and  hence  through  another  attemperator  cock,  which 
is  opened  to  the  return  frozen  main.  If  chilled  brine  is  required  then  the 
attemperator  cocks  are  adjusted  to  chill  mains,  the  brine  then  making  a 
similar  circuit  as  described  in  the  frozen  operation. 

Should  it  be  found  necessary  that  any  particular  chill  chamber  should 
require  a slightly  lower  temperature  of  brine  than  that  .supplied  by  the  main 
chill  feed,  this  can  readily  be  done,  first,  by  slightly  increasing  the  pressure 
in  the  frozen  main  and  then  by  setting  the  plug  of  the  attemperator  cock,  so 
as  to  inject  a little  frozen  brine  with  the  chill  brine  supplying  that  particular 
chamber  (the  orifices  of  the  plug  being  so  arranged  so  that  this  can  be  done), 
the  brine  then  going  through  the  feed  header  is  mixed,  and  at  a lower  tem- 
perature, hence  through  the  sections  in  the  chamber. 

The  surplus  of  brine  caused  by  injecting  the  frozen  brine  to  the  chill 
brine  is  got  rid  of  after  passing  the  return  header  through  the  attemperator 
cock  on  the  return  mains,  which  is  adjusted  .so  as  the  surplus  is  returned  into 
the  frozen  return  main. 

The  writer  proceeds  to  describe  and  show  illustrations  of  past  and 
present  types  of  insulated  delivery  trucks,  English  and  American  refrigerator 
cars,  ice  and  salt  brine  circulation,  and  ammonia  direct-expansion  systems 
for  cooling  them.  Me  also  comments  as  follows  on  the  present-day  insulated 
barge,  such  is  is  in  use  on  the  River  Thames: 

IN.SUL.VTED  B.VRGE 

Figure  6 shows  one  of  the  best  class  insulated  barges  in  use  to-day, 
and  1 may  say  is  far  short  in  efficiency  of  what  is  required  in  these  days  for 
this  class  of  traiusport,  the  main  defects  of  this  barge  being,  first,  the  ex- 
cessive size  of  the  hatch  opening,  which  practically  forms  the  entire  roof 
of  the  insulated  chamber,  and  which,  being  all  in  portable  sections  or  hatches, 
is  liable  to  allow  a fair  amount  of  leakage  of  warm  air  into  the  hold. 
Secondly,  the  Hoor  of  the  hold  is  really  not  insulated  at  all,  thus  allowing  a 
great  transmission  of  heat  from  the  water. 

Let  us  just  try  and  follow  what  happens  to  a cargo  that  is  entrusted  to 
the  care  of  one  of  the.se  craft.  It  arrives  alongside  the  steaivier,  in  what 
condition?  It  is  very  que.stionable  if  it  could  be  termed,  in  the  first  place, 
clean,  or  having  been  cleaned,  disinfected  or  washed  after  discharging  its  last 
cargo;  if  not  the  cargo  (assume  a valuable  meat  cargo)  goes  into  a very 
questionable  receptacle  to  start  with.  Secondly,  if  the  weather  should  be 
warm  and  sultry,  and  the  l)arge.  i)crhaps,  having  been  days  out  of  use  for  a 
refrigerated  cargo,  it  arrives,  cue  might  say,  as  a thermo  chamber  guaran- 
teed to  heat  up  its  contents.  Now  what  happens  to  this  cargo?  Immediately 
it  is  put  on  board  it  commences  to  absorb  the  heat  out  of  the  barge’s  insula- 
tion. and  as  soon  as  this  transfer  commences,  it  is  only  the  question  of  the 
cargo’s  resistance  until  it  comes  to  the  point  of  temperature  of  its  surround- 
ings. If  this  cargo  has  luck,  it  might  be  delivered  within  24  hours  at  the  cold 
stores,  or  it  may  miss  a tide,  or  have  to  w'ait  its  turn  to  discharge;  in  either 
of  these  cases  it  means  at  least  36  hours  before  delivery  could  be  given. 

It  is  not  at  all  an  unknown  thing  that  consignments  have  been  discharged 
in  a very  soft  condition,  if  not  worse. 

All  this,  to  my  mind,  is  a crying  shame  to  ordinary  intelligence  that  such 
a state  of  things  should  be  allow'ed  to  continue.  The  losses  in  the  past  must 
have  been  untold,  and  not  only  to  the  farmer  or  factory  who  first  provides 
the  goods,  but  abso  the  .shippers  and  consumer,  not  to  mention  the  fact  that 
all  this  loss  could  have  been  avoided,  and  undoubtedly  help  to  affect  the  market 
price.  One  might  say  that  the  time  has  come  when  more  notice  should  be 
given  to  these  details  bv*  the  authorities,  and  insist  upon  suitable  craft  being 
provided  (and  frcqucntl}’ official  inspection  of  same)  for  the  safe  carriage  of 
all  such  perishable  articles. 

Therefore,  there  is  no  doubt  that  pre-cooling  and  mechanical  refrigera- 
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tion  requires  introducing  into  all  lighter  and  barge  craft  engaged  in  the  transit 
of  perishable  commodities;  then  the  difficulty  of  having  the  barge  at  a proper 
temperature  to  receive  its  cargo,  and  to  maintain  same,  would  be  entirely  over- 
come, and  much  waste  of  good  food  avoided. 

The  author  closes  with  a strong  appeal  for  means  of  eliminating  the 
“economic  crime”  resulting  from  lack  of  adequate  distributing  facilities,  and 
pays  a pleasing  compliment  to  the  United  States  in  saying  that  they  “might 
take  a leaf  out  of  the  book  of  the  U.  S.  A.,  who  have  this  important  matter 
well  in  hand.” 
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AUTOMATIC  WATER  SPRINKLER  SYSTEMS  IN  REFRIGERATED 

ROOMS 

The  Society  was  represented  at  the  meeting  on  March  7 of  the  Automatic 
Sprinkler  Committee  of  the  National  Fire  Protection  Association  by  Gilbert 
Crawford,  Jr.,  representing  Louis  Doelling,  Chairman  of  our  Committee  on 
Municipal  and  State  Regulations  for  Refrigerating  Plants  and  Refrigerants. 
The  following  extract  from  the  minutes  of  this  meeting  will  interest  many 
members  of  the  Society: 

“Dry  Pipe  Sprinkler  Systems  in  Refrigeration  Rooms — Ice  formations  of 
such  a character  as  to  seriously  impair  the  automatic  sprinkler  protection 
have  been  reiiorted  in  a number  of  cold  storage  warehouses,  following  de- 
tailed examinations  of  the  piping  by  several  inspection  departments. 

“Your  Committee  was  requested  to  ctinsider  this  subject,  recommend  a 
uniform  method  for  conducting  further  tests,  and  solicit  cooperation  of  the 
various  inspection  departments,  with  a view  to  ascertaining  if  these  forma- 
tions may  be  expected  generally  in  risks  of  the  class,  and  if  so.  if  adequate, 
preventative  measures  have  been  or  can  be  devised.  .V  uniform  blank  has 
therefore  been  distributed  by  the  Committee  among  such  of  the  active 
memhers  as  it  should  interest,  and  the  promise  of  cooperation  has  been  verj' 
satisfactory.  .As,  however,  the  blank  was  not  issuetl  until  after  the  first  of 
the  year,  there  has  not  been  sufficient  time  to  furnish  the  required  information 
for  any  extended  Committee  report  at  this  time. 

“Technically,  there  is  danger  of  such  ice  formation  from  the  presence 
alone  of  the  priming  water  of  the  dry  pipe  valve,  ignoring  entirely  any 
moisture  that  may  enter  the  .system  through  the  air  compressor  or  by  other 
means.  Until  there  is  opportunity,  however,  to  secure  details  from  the 
further  examinations,  and  to  inquire  particularly  into  remedial  measures 
which  have  already  been  adopted  and  .said  to  be  effective,  or  that  have  been 
proposed,  your  Committee  would  prefer  not  to  recommend  anj'  action  through 
the  Sprinkler  Regulations.  Permission  is,  therefore,  requested  to  continue 
the  matter  further,  and  the  cooperation  of  anyone  interested  in  this  particular 
subject  is  earnestly  solicited.  copy  of  the  uniform  blank  referred  to  is 
appended  as  a part  of  this  report. 

“.Among  the  various  measures  that  have  already  been  adopted  or  rec- 
ommended are:  Calcium  chloride  re.servoir  in  the  discharge  line  from  the 

air  compressor,  ammonia-cooled  dc.siccator  or  freezer,  oil  seal  on  priming 
water  of  dry  pipe  valve,  calcium  chloride  reservoir  in  the  main  riser  above  the 
dry  pipe  valve,  separator  in  the  discharge  line  from  the  air  compressor,  air 
suction  from  freezing  room,  by-passes  in  the  sprinkler  lines  in  wdiich  the  ice 
crystals  may  build  up,  leaving  the  sprinkler  pipes  free,  greater  pitch  to  the 
sprinkler  piping  and  use  of  a greater  nu’.nber  of  flanged  connections,  main- 
taining at  least  i foot  air  space  where  possible  between  the  sprinkler  piping 
and  the  refrigeration  coils,  or  insulation  of  piping  where  in  contact  with  or  in 
close  proximity  to  such  coils,  rearranging  the  present  methods  of  air  con- 
nections, connection  of  anti-columning  pipe  where  used  to  be  within  the  warm 
dry  pipe  valve  enclosure,  where  feasible  sprinkler  piping  for  freezer  sections 
to  be  kept  entirely  separate  from  balance  of  risk. 

“In  this  connection  your  Committee  would  point  out  that  any  pre-drying 
arrangement  is  ineffective  if  the  air  connection  enters  the  system  in  such  a 
manner  that  the  air  yvill  pass  through  the  priming  water,  or  any  drainage  that 
may  lie  on  top  of  the  priming  water,  as  is  extremely  likely  to  be  the  case  in 
the  method  adopted  for  air  connection  with  some  types  of  dry  pipe  valves. 
Particular  attention  is  called  to  Rule  54  of  the  Sprinkler  Regulations  in  this 
respect,  yvhich  states  that  the  air  connection  .should  enter  the  .system  in  the 
main  riser  above  the  dry  pipe  valve." 

If  any  members  of  the  Society  have  any  suggestions  to  offer  along  this 
line  they  are  respectfully  requested  to  communicate  with  Mr.  Doelling. 
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PERSONAL 

Wauik.mar  R.  Kkemer  was  recently  appointed  General  Sales  Manager  of 
the  Vilter  .Manufacturing  Co.,  Milwaukee,  Wis.  Mr.  Kremer  has  been  con- 
nected with  the  Vilter  Company  for  nearly  ten  years  as  consulting  electrical 
and  mechanical  engineer  in  the  sales  department.  In  his  new  capacity  he  will 
have  general  charge  of  sales  and  supervision  of  branch  offices  and  agencies 
in  this  and  foreign  countries.. 
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A THEORY  OF  COOLING  TOWERS  COMPARED  WITH 

RESULTS  IN  PRACTICE* 

B.  H.  CoFFEV  AND  Gf.okge  A.  HoRNE,  New  York,  N.  Y. 

THI-:  1915  OPKRATIONS 

As  outlined  in  our  paper’  last  year,  our  observations  upon  the 
cooling  tower  were  continued  throughout  this  season. 

As  a result  of  last  year’s  e.xperience  we  arrived  at  the  conclusion 
that  certain  apparent  inconsistencies  in  the  results  could  be  smoothed 
out  by  taking,  if  possible,  all  readings  at  the  site.  In  consequence 
of  this  opinion  we  made  arrangements  early  in  the  season  with  the 
local  United  States  Weather  Hureau  Station  to  install  a standard 
anemometer  upon  the  tower,  which  was  done,  and  has  given  a con- 
tinuous  record  of  wind  velocity. 

It  was  also  our  intent  to  install  a recording  wet  and  dry  bulb 
thermometer,  but,  unfortunately,  we  were  not  able  to  accomplish  this 
before  October  6,  since  when  our  record  of  all  measurements  taken 
at  the  site  has  been  complete.  Prior  to  October  6 we  used  the  United 
States  twenty-four-hour  record  from  the  Arsenal  Station,  Central 
Park,  New  York,  X.  Y.,  of  wet  bulb  temperatures  derived  from  a 
hair  hygrometer,  occasionally  checked  by  a sling  psychrometer,  and 
believed  to  be  fairly  accurate.  The  use  of  this  record,  we  believe, 
at  times  introduces  discrepancies  of  considerable  magnitude,  due  to 
differences  in  wet  bulb  temperatures  at  the  two  localities,  and 
lihough  the  general  averages  agree  fairly  well,  specific  observations 
at  identical  hours  may  differ  widely,  thus  introducing  apparent  in- 
consistencies in  the  record  that  have  no  existence  in  fact,  and  we 
therefore  decided  to  discard  this  part  of  the  data  and  use  only  the 
readings  subsequent  to  October  6,  when  all  quantities  were  measured 
at  the  site.  In  following  this  course,  we,  unfortunately,  lost  the 
benefit  of  the  hot-weather  readings,  which  would  have  made  the 
comparison  with  theory  much  more  complete  than  we  are  able  to 
present. 

Fig.  T is  a view  of  the  tower,  showing  the  anemometer  at  one 
end  and  the  shelter  for  the  recording  wet  and  dry  bulb  thermometer 

* Read  at  Eleventh  A«>nual  MeetiiiR.  New  York.  N.  V.,  December  6,  7 and  8.  1915. 

* A Theory  of  CooHjik  Towers  Compared  with  Results  in  Practice.  15.  H.  Coffey  and 
(leorge  .\.  Ilorne,  New  York,  N.  Y.  .\.  S.  R.  E.  Journal,  November,  1914,  ami  January, 
191:'). 
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at  the  other  end.  We  also  thought  a general  view  of  the  tower 
might  be  of  some  value  in  connection  with  the  subject  matter  of  the 
paper. 

The  temperatures  of  the  incoming  and  outgoing  water  were 
taken  by  Taylor  recording  instruments  throughout  the  season,  and 
the  quantity  circulated  by  a \'enturi  meter,  as  before. 

W'e  wish  here  to  call  attention  to  our  wet  bulb  readings,  prob- 
ably the  most  important  temperature  affecting  cooling-tower  results. 
The  true  wet  bulb  temperature  can  only  be  obtained  when  there  is 
sufficient  relative  movement  between  the  bulb  and  the  air  to 
thoroughly  sweep  away  the  aqueous  vapor  as  it  is  discharged  from 
the  evaporating  surface.  With  the  stationary  or  Mason  instrument 


Fig.  I 
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this  is  fully  accomplished  when  it  is  exposed  to  a fair  breeze,  but  on 
still  days,  or  if  the  instrument  is  located  in  an  enclosed  position  or 
on  the  lee  side  of  some  obstruction,  as  a wall  or  building,  the  read- 
ings will  be  much  too  high,  and  any  conclusions  based  thereon  are 
erroneous.  We  call  attention  to  this,  as  this  instrument  is  very 
popular,  both  on  account  of  its  moderate  price  and  the  a})parent 
ease  with  which  the  wet  bulb  temperature  may  be  obtained.  If  a 
stationary  wet  bulb  is  used  it  should  be  in  the  draught  of  an  electric 
fan  or  fanned  by  hand  most  vigorously  for  .several  minutes  before 
taking  the  reading.  Our  recording  wet  bulb  instrument  referred  to 
was  in  the  con.stant  draught  of  an  electric  fan. 

For  general  use  on  cooling-tower  work  we  recommend  the 
whirling  wet  bulb  or  sling  psychrometer  of  the  United  States  Gov- 
ernment pattern,  and  that  the  directions  for  its  use  as  given  in  the 
Government  Bulletin  be  strictly  followed.  With  particular 
reference  to  cooling-tower  work,  would  supplement  these  sugges- 
tions by  recommending  that  all  wet  bulb  readings  should  be  taken  to 
windward  of  the  tower  or  at  some  point  where  the  large  volumes  ot 
aqueous  vapor  discharged  from  the  tower  do  not  affect  the  (piality 
of  the  atmosphere,  and  thus  vitiate  results.  If  some  standard  form 
of  ])rocedure  for  taking  wet  bulb  readings  is  not  adopted,  results 
aflfected  by  them  cannot  be  compared,  and  much  engineering  data 
that  should  be  of  great  value  to  the  profession  may  become  mis- 
leading and  of  positive  injury. 

THEORY 

Further  consideration  of  the  theory  of  atmospheric  cooling  pro- 
pounded in  our  paper  last  year  has  led  to  the  following  conclusions : 

Considering  the  difference  between  the  final  water  temperature 
and  the  wet  bulb  temperature,  or  approach  to  the  wet  bulb,  as  a 
measure  of  tower  efficiency,  the  degree  of  approach  is  affected  by 
four  variable.s — 

1.  The  cooling  range,  or  number  of  degrees  of  heat  extracted 
in  the  tower. 

2.  The  position  of  the  wet  bulb  in  the  thermometric  scale — a 
wet  bulb  tem))erature  that  is  high  on  the  thermometric  scale  can  be 
more  closely  ai)proached  than  one  at  a lower  temperature  level. 

3.  The  ratio  by  weight  of  air  to  water  in  contact  throughout 
the  cooling  process. 

4.  The  ratio  of  expo.^ed  water  surface  to  the  weight  of  water 
cooled  in  unit  time. 

Any  consistent  theory  must  therefore  be  capable  of  expressing 
the  effect  of  these  variables  upon  the  terminal  temperature,  which, 
less  the  wet  bulb  temperature,  is  the  wet  bulb  ap])roach. 

Plates  I,  2 and  3 are  characteristic  curves  derived  from  our 
theory,  which  show  the  effect  of  these  variables  on  the  cooling  water. 
On  all  three  plates  terminal  temperatures  are  given  at  constant  cool- 
ing surface  13.8,  and  on  Plates  i and  2 the  effect  of  variable  cooling 
surface  is  indicated  by  giving  the  temperatures  existing  at  cooling 
surface  4,  6,  9.  These  plates  are  all  drawn  to  the  same  heat  scale 
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Plate  I 
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Plate  2 
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used  with  I’late  4 in  our  first  paper,  and  are  therefore  comparable 
both  with  it  and  with  each  other.  The  curves  show  the  temperature 
gradiant  for  parallel  current  heat  transfer  except  the  dotted  curve  of 
Plate  3,  which  shows  the  application  of  the  theory  to  counter-cur~ 
rent  transfer. 

The  corresponding  curves  of  the  heating  air  have  been  omited 
except  on  Plate  3,  upon  which  is  shown  the  air  curve  corresponding 
to  the  highe.st  and  lowest  water  curve.  The  air  curves  are  shown  in 
hatched  lines. 

In  all  the  plates  the  vapor  temperatures  corresponding  to  the 
values  of  the  function  o>  have  been  entered  on  the  right-hand  side. 

The  steps  taken  in  calculating  the  curves  are  somewhat  tedious, 
and  were  explained  in  our  first  paper.- 

We  have  not  yet  succeeded  in  developing  general  formulae  for 
determining  these  curves  from  the  variables,  which  would  enable 
us  to  solve  for  final  results  at  once  and  so  render  the  problem  much 
less  unwieldy  to  handle  and  practicable  for  general  professional  use, 
and  our  next  task  will  be  directed  to  this  end.  Such  results  when 
obtained  will  be  communicated  to  the  Society. 

In  order  to  compare  the  theory  with  practice  it  was  necessary 
to  prepare  curves  of  theoretical  results  referred  to  wet  bulb  approach 
as  a .standard,  in  which  the  effect  of  the  selected  variable  is  shown 
through  a wide  range.  Plate  4 shows  such  curves  in  which  the  wet 
bulb  is  the  variable.  Three  curves  are  given  for  constant  ranges  10, 
15,  20,  the  air  to  water  ratio  100:15,  and  the  cooling  surface  13.8 
being  constant  throughout. 

Plate  5 shows  four  such  curves  in  which  the  air  to  water  ratio  is 
variable,  and  expressed  in  miles  per  hour,  range,  wet  bulb  and  cool- 
ing surface  being  held  constant. 

These  general  curves  were  derived  by  calculating  a large  num- 
ber of  the  cooling  curves  similar  to  those  given  on  Plates  i and  2,  at 
different  initial  temperatures,  thus  giving  the  terminal  temperatures 
and  wet  bulb  approaches  for  various  ranges.  These  results  were  in 
turn  plotted  against  wet  bulb  approach  and  range  and  curves  of  con- 
stant wet  bulb  and  air  to  water  ratio  obtained.  I'rom  these  curves 
in  turn  were  taken  out  the  wet  bulb  approach  at  the  ranges  desired 
for  Plates  4 and  5. 

The  curves  of  Plate  4 show  a gradual,  almost  straight  line,  in- 
crease in  the  approach  to  the  wet  bulb  as  the  temperature  level  of  the 
wet  bulb  rises  until  about  wet  bulb  70°,  when'  the  rate  of  increase 
lessens  showing  the  tendency,  in  strict  accord  with  the  general 
theory,  that  with  finite  cooling  range  and  rising  wet  bulb  the  ap- 
proach will  indefinitely  increase,  but  never  can  coincide  with  the  wet 
bulb  itself. 

Plate  5 shows  the  violent  fluctuations  in  \v^t  bulb  approach 
caused  by  changes  in  wind  velocity  or  air  supply,  but  the  curves 
show  the  same  tendency  to  indefinitely  approach  the  wet  bulb,  but 
never  reach  it,  as  exhibited  in  Plate  4. 


* A.  S.  R.  K.  Journal,  Noveinber,  1914,  p.  87. 
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COMPARISON  OF  THEORY  AND  PRACTICE 

When  a tower  in  commercial  oiieration  is  used  to  demonstrate 
a theory,  as  in  this  case,  none  of  the  variables  are  under  control,  and 
the  only  alternative  is  to  obtain  an  enormous  number  of  continuous 
readings  as  conditions  change,  due  to  atmospheric  fluctuations  and 
the  demands  of  the  plant,  d'he  readings  must  then  be  all  checked 
and  segregated  under  the  proper  variables  before  final  plotting,  in- 


volving a large  amount  of  clerical  labor.  It  was  due  to  this  and  our 
desire  to  extend  the  readings  as  late  in  the  month  as  possible  that 
we  were  unable  to  get  our  material  in  shape  early  enough  for  the 
November  number  of  the  S.  R.  E.  Jocrnaf.,  and  thus  give  the 
members  interested  in  the  subject  ample  time  to  digest  the  paper  for 
discussion.  W'e  trust,  however,  to  receive  written  discussion,  which 
will  appear  in  subsequent  issues  of  The  Jour.v.xe. 

On  Plate  4 we  have  plotted  points  under  various  winds  and 
ranges  as  indicated  on  the  plate.  It  will  be  noted  that  the  medial 
lines  of  these  points  are  essentially  parallel  with  the  theoretical 
curves,  thus  showing  that  the  law  of  variation  as  expressed  by  theory 
appears  to  be  substantiated  to  the  extent  of  these  experiments.  The 
loss  of  our  hot-weather  record,  already  referred  to,  deprives  us  of 
the  opportunity  to  extend  points  farther  down  the  theoretical  lines. 

The  experimental  points  on  Plate  5 appear  also  to  follow  the 
characteristics  of  theory,  except  the  sudden  departure  shown  at 
about  wind  6 and  7.  This  variation  we  attribute  to  the  effect  of 
natural  draft,  which  begins  to  grow  important  when  the  winds  be- 
come light  and  in  effect,  for  a considerable  period  of  light  wind 
velocities,  maintains  the  air  supply  practically  constant. 

Experimental  lines  5 and  6 were  taken  from  the  discarded  hot- 
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weather  record  to  indicate  approximately  the  results  at  higher  wet 
bulb. 

You  will  note  that,  in  spite  of  all  the  care  we  have  taken  in 
obtaining  the  experimental  points,  inconsistencies  and  discrepancies 
are  still  obviously  present,  due.  we  believe,  to  the  impossibility  of 
expressing  with  the  recording  instruments  the  exact  conditions  that 
exist.  Still,  in  our  opinion,  the  main  trend  of  the  effect  produced  by 
the  variables  is  quite  ])lain  and,  we  submit,  in  general  conformity 
with  the  theory  we  advance. 

I'urther  readings  next  season,  with  all  measurements  at  the 
site,  will  enable  us  to  accumulate  valuable  hot-weather  data  for 
further  comparison  with  theory,  but  they  can  only  more  firmly  estab- 
lish its  probable  soundness;  to  completely  prove  it,  will  require  ex- 
periments with  a tower  in  which  all  of  the  four  variables,  referred 
to  under  thefu'y,  can  be  exactly  measured.  This  is  not  possible  with 
the  atmospheric  tower  we  have  so  far  used  in  this  investigation, 
which  employs  the  droj)  and  splash  form  of  exjiosed  water  surface. 
In  this  tyi>e  of  tower  the  surface  is  made  up  of  two  elements,  i, 
fixed  wetted  surface ; 2,  water  particles  varying  all  the  way  from  the 
standard  drop  determined  by  the  viscosity,  surface  tension  and  tem- 
perature (T  the  water  to  extremely  small  particles,  into  which  the 
drops  break  uj)  after  impact  with  the  decks.  It  is  thus  second  cle- 
ment of  surface  that  has  defied  our  attempts  to  estimate.  We  there- 
fore i)ropose  during  the  ensuing  sca.son  to  obtain  the  use  if  ])ossible 
of  a forced-draft  tower  emi)loying  wetted  surface  only,  as  it  is 
.sometimes  termed,  film  surface.  In  such  a tower  the  total  wetted 
surface  is,  of  course,  easily  obtainable,  and,  if  facilities  are  ])rovided 
for  accurately  measuring  the  air  supply,  the  (juantity  of  water  cir- 
culated and  for  taking  the  necessary  teni))eraturcs.  all  of  the  va- 
riables become  known  and  the  actual  results  in  final  water  tempera- 
ture can  be  directly  com])ared  with  those  calculated,  thus  estab- 
lishing a criterion  by  which  the  theory  can  be  demonstrated  or  de- 
stroyed. 

The  results  of  such  trials,  when  made,  will  be  communicated  to 
the  Society  for  further  consideration. 

Tin:  fO.NSTA.XT  TUKTA  {6). 

In  compliance  with  the  statements  in  our  paper  of  last  year,  we 
have  made  a number  of  direct  determinations  of  this  constant  with 
the  somewhat  crude  apparatus  shown  in  bigs.  2 and  3,  in  which : 

A — is  the  eva])orator  and  its  thermometer. 

B — the  wet  bulb  thermometer. 

C — the  dry  bulb. 

I)  — a check,  combined  wet  and  dry  bulb  thermometer  or  sling 
psych  rometcr. 

B'  — an  electric  fan  to  ventilate  the  evaporator  and  wet  bulbs. 

(i  — a rectifier  for  changing  the  spiral  air  currents  from  the 
fan.  to  approximate  rectilinear  streams. 

II  — a fairly  delicate  scales  reading  to  one-tenth  gramme,  and 
from  which  the  evaporator  is  permanently  suspended. 
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Fig.  2 
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A section  of  the  evaporator  is  shown  in  I'ig.  4.  It  is  essentially 
two  copper  saucers,  joined  and  covered  with  cotton  cloth  of  consid- 
erable capillary  jxiwer.  Water  in  the  lower  saucer  is  fed  by  the 
circular  wick  to  the  edges  of  the  cotton  coverings,  and  from  thence 
spreads  over  the  entire  surface,  which  remains  completely  damp 
until  the  water  is  exhausted. 

The  temj^erature  of  the  interior  of  the  evaporator  will  eventually 
fall  by  conduction  to  that  of  the  two  exterior  surfaces,  and  this  tem- 
jjerature  is  measured  by  the  inserted  thermometer.  To  repeat  from 
last  year’s  paper : The  constant  0 is  the  total  heat  loss  per  hour  per 
square  foot  of  surface  per  mercury  inch  difference  of  pressure  be- 
tween the  values  of  the  function  w at  the  cooling  surface  and  at  the 
wet  bulb,  and  this  difference  in  the  values  of  w is  the  measure  of  the 


Fig.  3 
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total  rate  of  licat  loss  from  the  cooling  surface  to  the  atmosphere. 
W hen  the  cooling  surface  itself  sinks  to  the  wet  bulb  temperature 
the  difference  in  the  two  values  of  <-)  becomes  zero,  indicating  one 
of  two  things,  i,  either  there  is  no  further  loss  of  heat  to  the  at- 
mosphere, or,  2,  that  there  are  two  equal  currents  of  heat  in  opposite 
directions;  both  of  these  states  would  satisfy  the  condition  of  no 
loss  of  heat.  The  second  state  is  that  which  exists,  as  shown  last 
year,  the  incoming  current  being  sensible  heat  due  to  a tempera- 


ture difference,  the  outgoing  current  latent  heat  of  evaporation  due 
to  a pressure  difference. 

To  evaluate  the  constant  B it  is  necessary  to  determine  the 
weight  of  water  evaporated  in  known  time  from  a known  superficial 
area,  under  a known  difference  of  vapor  pressure  expressed  in  mer- 
cury inches.  These  conditions  are  easily  satisfied,  provided  the 
evaporating  surface  can  be  maintained  at  the  wet  bulb  temperature. 
Under  these  circumstances  the  outgoing  heat  flow  is  entirely  of  the 
latent  form,  and  it  only  becomes  necessary  to  obtain  the  difference 
between  the  vapor  pressures  corresponding  to  the  wet  bulb  and  dew 
point  temperatures,  which  difference  is  the  pressure  head  causing  the 
evaporation.  This  method  of  evaluating  B was  adopted. 

In  order  to  obtain  fairly  accurate  results,  the  superficial  area 
from  which  evaporation  is  to  take  place  mu.st  be  of  considerable 
extent,  necessarily  covering  a body  many  times  larger  than  the  ordi- 
nary wet  bulb,  and  to  maintain  such  a body  at  the  wet  bulb  tempera- 
ture by  its  own  evaporation  presented  something  of  a problem.  Two 
theoretical  conditions,  which  rigorously  hold  good  in  practice,  had  to 
be  satisfied: 

I.  The  entire  superficial  area  of  the  body  must  be  a uniformly 
active  evaporating  surface,  for  if  any  part  of  the  area  was  not  evapo- 
rating there  would  be  an  inflow  of  sensible  heat  at  this  point  unbal- 
anced by  a corresponding  outflow  of  latent  heat,  and  the  temperature 
of  the  entire  body  would  rise  above  the  wet  bulb  to  a new  point  of 
equilibrium. 
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TABLE  I. 

Summary  of  Evaporation  Tests  to  Determine  the  Constant  O.  0=Btu.  per  Hour  per  Square  Feet  per  Inch  Mercury 
Total  Surface  in  Evaporator,  83.8  Sq.  In.  =0.58  Sq.  Ft.  Average  Value  of  0 = 652.5  Btu. 
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2.  As  considerable  volumes  of  aqueous  vapor  are  thrown  off, 
which,  if  not  promptly  and  fully  removed,  would  raise  the  wet  bulb 
temperature  in  immediate  contact  with  the  surface  and  so  retard 
evaporation,  it  became  necessary  to  adopt  a form  of  surface  that 
would  be  fully  swept  by  the  ventilating  air  currents  and  eliminate 
entirely  the  formation  of  eddies  and  dead  spots,  the  effect  of  which 
is  similar  in  principle  to  non-evaporating  areas,  as  explained  above. 
This  condition  was  satisfied  by  adopting  the  lenticular  shape  formed 
by  the  two  hemispherical  cups — the  direction  of  the  enveloping  air 
currents  is  shown  at  Fig.  4. 

It  is,  of  course,  possible  to  determine  6 at  ter.  (peratures  of  the 
evaporator  higher  than  the  wet  bulb,  but  in  so  doing  there  is  no 
assurance  that  the  surface  is  evaporating  uniformly,  and  the  possi- 
bility of  a serious  error  is  introduced.  As  has  been  explained,  the 
very  fact  that  the  evaporator  attains  the  true  wet  bulb,  itself  proves 
that  the  evaporation  must  have  been  uniform  over  the  whole  sur- 
face, and  the  error  referred  to  thus  automaticallv  eliminated. 

The  method  pursued  in  making  the  tests  was  as  follows:  Water 
was  introduced  into  the  evaporator.  A,  Figs.  2 and  3,  through  the 
thermometer  orifice,  the  thermometer  replaced  and  the  total  weight 
of  the  evaporator  and  all  attachments  approximately  balanced  on 
the  scales.  The  wet  bulb  thermometer,  B,  was  then  moistened  and 
the  fan,  F,  started  up.  The  thermometer,  B,  also  in  the  air  current 
from  the  fan,  would  generally  attain  the  wet  bulb  temperature  within 
a minute,  but,  owing  to  the  much  greater  quantity  of  water  and  ma- 
terial in  the  evaporator,  much  more  time  was  required.  In  some 
cases  when  the  initial  temperature  of  the  water  in  the  evaporator  was 
much  above  the  wet  bulb  temperature,  half  an  hour  was  required. 
When  the  wet  bulb  thermometer  and  the  evaporator  thermometer 
reached  practical  equality  the  weight  of  the  evaporator  was  accu- 
rately taken  and  the  wet  bulb,  dry  bulb  and  evaporator  thermome- 
ters read,  the  time  taken  and  all  readings  recorded.  The  readings 
were  repeated  at  intervals  during  the  run,  the  intervals  being  closer 
as  atmospheric  conditions  showed  greater  fluctuation.  The  ther- 
mometer readings  were  then  averaged,  and  from  the  average  wet  and 
dry  bulb  temperature  the  average  dew  point  temperature  was  taken 
from  the  United  States  Psychrometric  Tables,  thus  giving  all  the 
data  required  for  calculating  the  constant. 

Eleven  experiments  were  made,  as  shown  in  Table  I,  giving  the 
principal  quantities  and  the  value  of  6 as  determined  by  each  experi- 
ment. The  mean  value  of  ^ from  the  eleven  experiments  is  652.5 
B.t.u.  and  the  maximum  departure  of  any  single  experiment  from 
this  mean  is  4 per  cent,  which,  we  think,  justifies  us  in  believing  we 
have  arrived  at  a fairly  close  approximation  of  the  true  value.  The 
evaluation  of  the  constant  6 makes  it  possible  to  apply  the  theory  in 
its  present  form  to  any  tower  employing  film  cooling  surface  ex- 
clusively, as  with  this  form  of  surface  the  wetted  area  in  contact  with 
the  atmosphere  can  be  accurately  calculated. 

In  closing,  we  wish  to  express  our  appreciation  of  the  interest 
manifested  in  our  work  by  James  H.  Scarr,  Director  of  the  United 
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States  Weather  Ikireau,  New  York,  N.  Y.,  and  his  assistant,  Charles 
D.  Reed,  to  whom  we  are  indebted  for  installing  a Government 
anemometer  upon  the  tower,  and  also  to  J.  Ely,  of  the  Taylor  In- 
strument Company,  Rochester,  N.  Y.,  for  the  loan  of  the  recording 
wet  and  dry  bulb  thermometer,  which  has  proved  a most  valuable 
instrument. 


DISCUSSION 

Mr.  Horne — I wish  to  say  that  my  colleague,  Mr.  Coffey,  has 
had  more  to  do  with  the  theoretical  aspect  of  the  cooling  tower 
problem  than  I We  worked  together  and  collaborated,  but  the 
larger  part  of  my  time  was  devoted  to  the  experimental  and  prac- 
tical part  of  the  work. 

We  were  rather  surprised  to  find,  at  certain  periods  during  the 
summer,  as  much  difference  as  we  did  between  the  readings  taken 
at  Central  Park  and  those  taken  at  the  local  Weather  Bureau  on 
the  roof  of  the  Whitehall  Building.  At  times  they  differed  by  as 
much  as  six  degrees.  The  record  at  the  Central  Park  station  is 
made  with  a recording  hair  hygrometer,  but  in  checking  this  with 
the  sling  psychrometer,  the  readings  agree  so  well  that  it  is  probably 
correct  to  say  that  at  times  there  was  a difference  of  five  or  six 
degrees  between  the  wet  bu’b  temperature  of  these  two  local 
stations.  This  difference  followed  no  special  law;  at  times  it  was 
low  and  at  other  times  high.  Eddies,  currents  and  different  factors 
influence  this  matter. 

G.  T.  Voorhees — Do  the  figures  on  the  curves  in  Plate  1 (of 
the  present,  1915,  paper)  represent  the  temperature  of  the  water 
flowing  down  the  tower? 

Mr.  Horne — The  curves  are  theoretical.  In  Plate  1 the  wet 
bulb  is  variable,  while  in  Plate  2 it  is  constant  at  70  degrees. 

G.  T.  Voorhees — How  is  the  ratio  of  air  to  water  obtained? 

Mr.  Horne — The  ratio  of  air  to  water  is  obtained  by  calcula- 
tion. Mr.  Coffey  will  explain  how.  It  was  referred  to  in  last 
year’s  paper. 

Mr.  Cofey — We  assume  a vertical  section  through  the  tower, 
say  one  foot  thick;  we  know  the  quantity  of  water  flowing  over  the 
tower  per  square  foot,  per  minute,  hence  the  total  quantity  of  water 
per  minute  dropping  through  the  section.  Then  we  assume  that 
the  air  blowing  horizontally  through'  the  section,  at  the  existing 
wind  velocity,  goes  through  that  amount  of  water. 

Mr.  Horne — I might  add  that  we  appreciate  the  fact  that  there 
is  some  retardation  of  the  wind  going  through,  which  vitiates  to 
some  extent  the  calculation  of  the  exact  ratio,  but  to  practically 
demonstrate  the  exact  quantity  of  air  going  through  would  bie 
almost  an  impossibility,  requiring  the  use  of  anemometers  all  over 
the  tower,  which  it  would  not  be  practicable  to  read. 

G.  T.  Voorhees — Does  not  the  amount  of  surface  enter  in  deter- 
mining those  values  as  well  as  the  amount  of  water? 
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Mr.  Horne — The  amount  of  surface  is  taken  from  the  theo- 
retical curves  on  Plates  1 to  3. 

G.  T.  Voorhees — What  does  that  term  “13.8  cooling  surface” 
mean? 

Mr.  Coffey — As  explained  in  our  paper,  that  is  just  a relative 
figure.  We  have  not  been  able  as  yet  to  reduce  it  exactly  to  square 
feet.  All  these  curves  are  based  on  evaporation  in  other  towers. 
We  happened  to  arrive  at  the  value  13.8  while  calculating  the 
curves  in  our  paper  last  year,  1914,  where  we  had  assumed  a certain 
range  in  the  tower  In  plotting  the  curve,  the  terminal  tempera- 
ture happened  to  strike  13.8,  and  we  retained  that  ratio  of  cooling 
surface  throughout  all  these  plates  to  make  them  comparable. 

G.  T.  Voorhees — Does  that  13.8  mean  square  feet  of  cooling 
surface,  gallons  of  capacity,  or  what? 

Mr.  Cofey — It  does  not  mean  13.8  square  feet,  it  simply  means 
that  13.8  on  our  scale  indicates  the  cooling  surface  necessary  to 
obtain  a temperature  reduction  from  110  to  85.2  deg.  F 

Mr.  Horne — This  we  cannot  express  in  terms  of  square  feet  on 
a tower  of  this  type. 

Mr.  Coffey — Possibly  it  would  be  better  to  designate  that 
surface  by  10,  or  1,  and  then  the  intermediate  figures  would  be 
proportional  to  the  total. 

G.  T.  Voorhees — Does  not  the  capacity  of  the  tower  depend  on 
the  cooling  surface? 

Mr.  Horne — Yes,  certainly;  but  in  these  theoretical  lines  the 
actual  amount  of  surface  involved  is  not  known. 

G.  T.  Voorhees — Do  you  take  the  capacity  of  the  tower  into 
consideration  at  all? 

Mr.  Horne — It  certainly  is,  as  will  be  shown  later  when  all 
these  points  that  you  are  bringing  up  will  be  made  more  clear.  It 
seems  impossible  to  arrive  at  the  total  active  cooling  surface  on  any 
type  of  atmospheric  tower  where  the  water  descends  in  drops  from 
deck  to  deck;  for  the  reason  that  a given  drop  of  water  in  falling 
breaks  up  and  splashes  into  a hundred  particles,  and  those  particles 
are  being  cooled.  The  actual  measurable  cooling  surface  is  not 
the  real  surface  or  only  surface  that  has  to  do  with  the  cooling  effect, 
therefore  it  is  an  arbitrary  figure. 

Henry  Torrance — In  other  words,  the  curves  presented  in 
Plate  3 show  the  relative  cooling  obtained  with  the  same  surface, 
assuming  different  initial  temperatures  of  the  water  to  be  cooled. 

Mr.  Horne — Exactly. 

G.  T.  Voorhees — But  I cannot  follow  your  reasoning,  unless  you 
can  give  us  some  idea  of  how  we  can  apply  that  value  13.8.  Does 
it  mean  cooling  surface  per  pound  of  water,  per  gallon  of  water,  or 
something  else? 

Mr.  Coffey — It  means  that  in  any  tower,  regardless  of  size,  13.8 
represents  the  total  effective  surface.  To  find  the  temperature 
reduction  resulting  with  but  one-half  that  amount  of  surface, 
starting  with  the  same  initial  temperature,  follow  down  the  ordinate 
6.9  (one-half  of  13.8)  and  the  curves  will  give  you  the  terminal 
temperature  obtained  with  half  the  total  surface.  As  already 
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stated  by  Mr.  Horne,  we  have  not  been  able  to  take  up  the  question 
of  specific  surface  on  this  tower  because  of  the  drops. 

H.  H.  C.  Lasker — Referring  to  Plate  5,  what  happens  when 
those  curves  reach  zero  wind  velocity? 

Mr.  Horne — Theoretically,  when  there  is  no  wind  we  have  no 
cooling  effect  whatever. 

H.  H.  C.  Lasker — But  practically  we  still  have  the  benefit  of 
the  chimney  effect  of  the  tower. 

Mr.  Horne — The  chimney  effect,  or  natural  draft,  really  comes 
in  while  the  wind  velocity  is  still  about  two  miles  per  hour,  as  shown 
in  Plate  5. 

President  Doelling — I doubt  that  the  rate  of  cooling  at  the 
different  velocities  proceeds  as  shown  by  the  curves  in  Plate  5;  I 
think  the  lines  are  not  drawn  right. 

Mr.  Horne — We  purposely  drew  those  lines  without  trying  to 
smoothen  out  the  curves.  You  see  where  the  points  lie.  Of  course, 
lines  could  have  been  drawn  another  way,  possibly.  With  some  of 
these  points  we  did  not  have  as  many  observations  as  we  would  like 
to  have  had  in  order  to  more  fully  substantiate  our  conclusions. 

President  Doelling — We  are  very  much  indebted  to  Messrs. 
Coffey  and  Horne  for  giving  us  the  results  of  their  numerous  experi- 
ments. Anybody  who  has  experimented  with  a cooling  tower 
knows  that  it  takes  a long  time  to  get  results  and  secure  a sufficient 
number  of  readings  to  be  able  to  draw  conclusions.  I would  like  to 
suggest  that,  in  presenting  such  papers,  a drawing  be  always  included 
giving  the  exact  dimensions  of  the  tower  and  apparatus  used  in  the 
experiments.  If  that  is  done,  the  results  of  the  experiments  can  be 
used  later  on  and  compared  with  results  obtained  by  others. 

Mr.  Horne) — That  can  very  readily  be  done.  Mr.  Reed,  from 
the  United  States  Weather  Bureau  in  New  York,  will  favor  us  with 
a few  remarks  and  suggestions  as  to  the  use  of  the  sling  psychro- 
meter. 

Charles  D.  Reed — The  sling  psychrometer  is  used  by  the  U.  S. 
Weather  Bureau  in  cases  where  the  stationary  instrument  alone  is 
not  sufficient.  It  is  portable  and  compact,  as  you  see  in  Fig.  5, 
consisting  of  a wet  bulb  thermometer  extending  a little  below  the 
dry  bulb  thermometer  mounted  on  the  same  back.  By  carrying 
a little  vial  of  water  for  moistening  the  wet  bulb,  it  is  possible  in  any 
situation  to  quickly  measure  the  humidity  conditions  of  the  air. 
Having  wetted  the  cloth,  getting  readings  is  comparatively  simple, 
it  being  only  necessary  to  whirl  the  instrument  at  arms’  length,  at 
the  same  time  slowly  walking  along,  for  otherwise  the  temperature 
of  the  observer’s  body  will  often  raise  the  readings  of  the  ther- 
mometers by  half  a degree  or  more.  This  difference  is  inappre- 
ciable when  calculating  dew  point,  humidity  and  vapor  pressure, 
but  becomes  of  considerable  importance  when  calculating  wet  bulb 
temperatures. 

I may  point  out  a few  of  the  peculiarities  which  affect  the 
securing  of  correct  wet  bulb  readings.  For  example,  in  the  summer 
we  find  that  on  a hot,  dry  day, with  temperatures  above  90  degrees  F., 
the  amount  of  moisture  contained  in  the  thin  muslin  covering  of  the 
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Fig-  5 
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wet  bulb  is  sometimes  not  sufficient  to  reduce  the  temperature  of 
the  mercury  in  the  bulb  down  to  the  correct  wet  bulb  temperature; 
it  then  becomes  necessary  to  supply  means  to  insure  reaching  that 
point.  An  observer  who  is  not  aware  of  this  condition  will  whirl 
his  instrument  until  a constant  reading  is  obtained,  and  take  that  to 
be  the  wet  bulb  temperature,  when  he  has  merely  exhausted  the 
supply  of  moisture  on  the  bulb  of  his  thermometer,  which  may  l)e 
considerably  above  the  true  wet  bulb  temperature  That  can  be 
obviated  in  different  ways.  One  is,  to  use  in  the  case  of  high 
temperature  extra  covering  of  cloth  or  wicking  above  the  bulb  of 
the  thermometer,  which  will  then  receive  more  than  the  usual 
quantity  of  water,  and  sufficient  to  reduce  the  temperature  of  the 
mercury  down  to  the  true  wet  bulb  temperature.  Another  method, 
often  used  where  a watercooler  is  handy,  is  to  start  with  water  very 
near  the  wet  bulb  temperature.  In  that  way  I sometimes  start  with 
water  below  the  wet  bulb  temperature,  thus  warming  the  mercury 
to  the  wet  bulb  rather  than  reducing  its  temperature  to  the  wet 
bulb,  the  results  being  obtained  in  the  same  way  by  whirling  until 
a constant  reading  is  found.  I think  the  latter  method  is  the  easier 
one,  the  other  way  being  subject  to  some  errors.  For  instance,  if 
the  same  amount  of  extra  covering  and  surplus  of  water  was  used 
with  moderately  low  temperatures,  inaccurate  results  might  obtain 
by  having  too  much  water  to  handle.  In  other  words,  the  evapora- 
tion of  sufficient  moisture  to  reduce  a large  mass  of  water  and  cloth 
covering  to  the  true  wet  bulb  temperature  would  be  such  a slow 
process  that  some  observers  might  stop  before  the  lowest  possible 
temperature  was  obtained.  For  winter  temperatures  it  is  therefore 
best  to  have  only  a very  thin  covering  on  the  wet  bulb  thermometer 
and  a minimum  amount  of  moisture. 

When  near  the  freezing  point,  moisten  your  thermometer  with 
water,  whirl  it  only  a few  seconds  and  take  the  readings  quickly. 
The  wet  bulb  temperature  may  drop  to  a very  low  point,  as  low  as 
20  degrees,  without  having  congealed  the  moisture.  It  is  often 
possible  in  this  way  to  get  the  correct  wet  bulb  temperature  before 
the  latent  heat  of  freezing  has  been  absorbed.  If  you  do  not  stop 
whirling  and  get  that  reading  before  congealation  takes  place,  it 
jumps  instantly  to  32  degrees  and  you  have  then  the  slow  and 
laborious  process  of  getting  the  evaporation  from  the  ice  surface, 
and  that  may  require  whirling  for  5 minutes,  before  one  is  able  to 
reach  the  wet  bulb  temperature  again.  To  a layman  it  seems 
remarkable  that  water  could  ever  be  cooled  to  20  degrees  F.  without 
freezing,  but  in  our  work  we  find  that  this  is  not  unusual.  In  fact, 
instances  are  reported  in  the  Journal  of  the  Royal  Meteorological 
Society  of  water  existing  at  12  degrees  below  zero  F.  without  con- 
gealation. It  is  probable  that  the  moisture  we  see  in  the  air  in  the 
form  of  fog  in  zero  weather  is  also  uncongealed;  it  is  still  in  the  water 
stage. 

These  are  some  of  the  things  encountered  in  taking  readings, 
and  by  careful  attention  we  can  eliminate  most  of  the  errors. 
Owing  to  its  convenience,  portability  and  ease  of  manipulation,  the 
.sling  psychrometer  probably  affords  the  most  accurate  means  we 
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have  of  getting  wet  bulb  temperatures,  while  the  figures  obtained 
from  a direct  indicating  hair  hygrometer  are  subject  to  more  or  less 
error.  In  some  instances,  however,  the  hair  hygrometer  is  highly 
accurate,  and  in  the  hands  of  an  inexperienced  observer,  when  used 
for  temperatures  below  freezing,  the  results  are  probably  more 
accurate  than  with  the  wet  bulb,  yet  the  hygrometer  should  be 
carefully  checked  by  a man  who  knows  how  to  adjust  it  properly 
and  apply  the  corrections.  We  have  at  our  Central  Park  branch 
office  a hygrometer  accurate  within  one  or  two  per  cent,  over  a 
period  of  several  months.  But,  unexpectedly  it  develops  an  error, 
sometimes  of  five  per  cent.,  and  has  to  be  adjusted  and  corrected. 

With  reference  to  taking  meteorological  observations  at  the 
exact  location  where  the  cooling  tower  experiments  are  being  con- 
ducted, I may  say  that  I consider  this  of  great  importance.  At  the 
Whitehall  Building  our  instruments  are  414  feet  above  ground. 
There  we  sometimes  notice  below  us  a fog  bank  that  is  absolutely 
dense  at  the  surface,  while  the  sun  is  shining  brightly  up  where  we 
are.  At  such  times  there  is  surely  a difference  between  roof  and 
street  of  10  or  20  per  cent,  in  the  relative  humidity,  and  five  degrees 
in  the  wet  bulb  temperature.  You  have  seen  the  upper  stories  of 
high  buildings,  such  as  the  Woolworth,  enveloped  in  a bank  of  fog, 
while  at  the  surface  the  atmosphere  was  comparatively  clear.  The 
differences  in  our  readings  at  the  Central  Park  station  and  the 
station  at  the  Whitehall  Building  at  the  Battery  are  probably  due 
to  a combination  of  these  conditions.  For  instance,  take  the  wind 
velocities  measured  in  November,  1915.  At  the  Battery  we  have 
an  anemometer  mounted  at  Pier  A,  about  50 feet  above  the  ground; 
we  have  another  454  feet  above  the  ground  on  the  Whitehall  Build- 
ing; and  we  have  this  other  one  at  the  cooling  tower  that  Messrs. 
Coffey  and  Horne  are  testing.  The  one  at  Pier  A showed  only 
about  60  per  cent,  of  the  velocity  obtained  on  the  roof  of  the  White- 
hall Building,  which  is  practicaJly  the  same  location,  but  400  feet 
higher  up,  while  the  one  at  the  cooling  tower  indicated  only  51  per 
cent.  Now,  the  elevation  at  the  cooling  tower  is  1623^  feet  ostensi- 
bly, but  as  a matter  of  fact  the  surrounding  buildings  have  raised 
the  general  level,  so  that  the  effective  elevation  above  the  surround- 
ing level  is  probably  less  than  half  that  amount.  For  the  problem 
in  hand  it  was  therefore  agreed  that  it  was  best  to  carry  out  the 
work  on  the  spot  where  the  tower  is  located. 

The  Weather  Bureau  is  called  upon  to  supply  a vast  amount  of 
data  to  people  engaged  in  cooling  tower  and  humidifying  work 
and  other  things  affected  by  wind,  temperature  and  humidity,  but 
we  always  try  to  qualify  our  data  with  the  statement  that,  while 
these  are  the  conditions  obtained  at  the  point  of  observation,  they 
may  not  strictly  represent  the  conditions  at  the  point  where  one 
wants  to  locate  his  heating,  cooling,  or  other  kind  of  a plant. 

H.  H.  C.  Lasker — We  should  appreciate  the  efforts  of  the 
authors  of  this  paper  to  establish  a theory  of  cooling  towers.  A 
theory,  however,  is  not  valuable  unless  it  can  be  used  as  a basis  for 
practical  work. 
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The  criticism  which  I would  make  of  this  paper  is,  that  no 
theory  has  been  proposed  which  could  be  used  by  refrigerating 
engineers  to  design  cooling  tow'ers.  This,  in  my  estimation,  is 
what  is  desired. 

There  are  many  variables  which  enter  into  the  operation  of  a 
cooling  tower,  and  in  the  paper  just  read  the  results  obtained  are 
at  best  approximate.  For  example:  The  ratio  of  air  to  water 

does  not  represent  with  any  degree  of  accuracy  what  actually  takes 
place  in  the  tower.  The  wind  velocity  varies  continuously  and  the 
quantity  of  air  supplied  would  change  correspondingly.  In  the 
same  way  the  quantity  of  water  would  not  be  constant  when  you 
consider  that  in  any  vertical  section  of  the  tower  this  quantity 
might  be  smaller  near  the  bottom  than  at  the  top,  due  to  water 
being  carried  off  by  wind. 

A statement  made  by  Mr.  Horne  regarding  the  effect  of  cooling 
surface  in  the  tower  may  be  misleading.  The  amount  of  surface, 
and  particularly  the  design  of  this  surface,  are  important  factors  in 
the  cooling  results  obtained.  While  the  contact  of  the  air  with  the 
water  is  of  prime  importance,  the  shape  of  the  cooling  surface  units 
and  their  arrangement  in  the  tower  are  essential  to  the  proper  dis- 
tribution and  exposure  of  the  water  to  the  air  passing  through  the 
tower. 

I appreciate  the  difficulty  of  trying  to  establish  a theory  of 
cooling  towers  which  would  be  applicable  in  all  cases.  The  proper 
design  is  that  which  is  the  result  of  practical  experience. 

Edwin  Burhorn — I regret  very  much  that  the  authors  were 
unable  to  complete  their  theory  of  cooling  towers,  which  they 
started  to  formulate  in  their  paper  read  before  the  Society  at  the 
annual  meeting  of  1914.  In  that  paper  the  authors  stated  that 
they  expected  to  present  supplemental  data  in  more  elaborate  and 
complete  form  with  theoretical  comparisons.  I do  not  find  that 
these  data  have  been  supplied  in  the  1915  paper  and  therefore  look 
forward  to  this  information  possibly  at  our  next  annual  meeting. 

The  authors  stated  in  their  first  paper  that  they  had  not  as  yet 
succeeded  in  developing  a general  formula,  but  that  their  next 
efforts  would  be  directed  to  that  end.  Being  particularly  interested 
in  the  final  solution  of  the  problem,  I will  await  the  submission  of 
the  general  formula  with  interest.  Until  that  time,  however,  it  is 
not  possible  to  offer  any  reasonable  criticism  as  to  the  accuracy  or 
otherwise  of  the  authors’  results.  The  present  paper,  however, 
seems  to  leave  considerable  doubt  whether  the  authors  will  succeed 
as  they  state  on  page  8,  “To  completely  prove  it,  will  require 
experiments  with  a tower  in  which  all  the  four  variables,  referred  to 
under  theory,  can  be  exactly  measured.  This  is  not  possible  with 
the  atmospheric  tower  we  have  so  far  used  in  this  investigation.” 
They  further  state  that  in  this  tower  the  distribution  of  the  water 
is  such  that  the  total  exposed  surface  cannot  be  accurately  meas- 
ured and  on  this  account  the  cooling  surface  “defied  their  attempts 
to  estimate.”  Apparently,  therefore,  the  authors  have  given  up 
the  theory  as  applied  to  an  atmospheric  tower  and  suggest  that 
“if  possible  they  will  continue  their  experiments  with  a forced 
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draft  tower  if  facilities  are  provided  for  accurately  measuring  the 
air  supply,  etc.” 

The  authors  also  state  that  the  results  of  these  trials  ‘‘when 
made”  will  be  communicated  to  the  Society  for  further  considera- 
tion. 

It  seems  to  me  that  a theory  that  will  apply  to  a forced  draft 
tower  will  not  apply  to  an  atmospheric  tower  or  a natural  draft 
tower,  and  different  formulae  would  have  to  be  prepared  so  as  to 
apply  to  each  particular  case.  I would  suggest  to  the  authors, 
therefore,  that  if  possible,  they  complete  their  theory  on  the  atmos- 
pheric tower  without  combining  same  with  a forced  draft  tower. 
If  they  can  also  experiment  on  the  forced  draft  tower  and  give  us 
reliable  data  on  this  type  of  apparatus,  they  will  certainly  be  of 
interest. 

Willis  H.  Carrier — There  are  certain  suggestions  which  I 
would  like  to  make  with  reference  to  the  cooling  tower  data  obtained 
by  Messrs.  Horne  and  Coffey,  and  particularly  with  reference  to  the 
results  of  their  experimental  work  in  determining  the  rate  of 
evaporation  from  a wetted  surface.  In  the  past  I have  done  some 
work  along  the  same  line,  not  in  actual  cooling  towers,  but  experi- 
mental work  of  a nature  similar  to  that  carried  on  by  Messrs.  Horne 
and  Coffey,  to  determine  the  rate  of  evaporation  occurring  from  a 
wetted  surface  under  various  atmospheric  conditions.  This 
experimental  work,  of  course,  bears  directly  on  the  cooling  tower 
problem. 

At  the  start,  I wish  to  state  that  Messrs.  Horne  and  Coffey 
have  undertaken  a very  intricate  and  at  the  same  time  very  inter- 
esting problem.  I believe  that  the  data  which  they  have  already 
obtained  and  which  they  are  proposing  to  obtain  in  future  experi- 
mental work  with  reference  to  the  cooling  tower  will  be  of  the 
greatest  value  to  the  engineering  profession  in  arriving  at  some 
standard  basis  for  guarantees  in  cooling  tower  performance. 

The  principal  criticism  which  I have  to  make  is  in  reference 
to  their  use  and  determination  of  the  constant  Theta  (^),  which  I 
note  they  have  attempted  to  determine  by  means  of  the  exceedingly 
ingenious  arrangement  described  in  their  paper,  and  which  con- 
sisted in  blowing  atmospheric  air  over  a lozenge-shaped  container 
partially  filled  with  water  and  covered  with  absorbent  wicking  kept 
moist  by  the  water  drawn  by  capillary  attraction  from  the  interior 
of  the  vessel.  They  were  correct  in  their  observation  that  the 
temperature  in  the  container  was  reduced  to  the  wet  bulb  tempera- 
ture of  the  air  blown  over  the  evaporating  surface  of  the  vessel  and 
remained  at  this  temperature  regardless  of  the  increase  in  the  air 
velocity.  This  is  a well-known  psychrometric  principle  and 
obviously  the  temperature  must  be  that  of  the  wet  bulb,  because  the 
wet  bulb  temperature  is  maintained  in  exactly  the  same  manner, 
and  the  size  and  contents  of  the  wet  bulb  member  has  no  bearing 
upon  the  temperature  obtained.  However,  the  further  assumption 
that  since  the  temperature  is  constant  for  a given  psychrometric 
condition  of  the  air,  the  amount  of  heat  transferred  and  the  rate 
of  evaporation  is  constant  regardless  of  the  velocity  of  the  air,  is 


Digitized  byGoogie 


26 


COOMNG  TOWERS 


incorrect.  They  are  correct  in  the  statement  that  the  inflow  of 
sensible  heat  from  the  air  is  exactly  counterbalanced  by  the  con- 
stant outflow  of  latent  heat  in  the  form  of  water  vapor  from  the 
evaporating  surface.  In  other  words,  while  the  transfer  of  sensible 
heat  always  equals  the  transfer  of  latent  heat,  both  increase  or 
decrease  simultaneously  with  the  air  velocity  over  the  evaporating 
surface.  This  would  be  expected  in  theory  and  has  been  demon- 
strated conclusively  through  experiments.  The  theory  governing 
this  wet  bulb  temperature  and  the  reason  for  its  being  substantially 
constant  was  given  by  the  writer  in  a paper  entitled,  “Rational 
Psychrometric  Formulae”  presented  before  the  American  Society 
of  Mechanical  Engineers  in  December,  1914,  and  will  be  found  in 
the  proceedings  of  that  Society,  together  with  discussions  which  may 
be  said  to  fairly  sub.stantiate  the  conclusions  reached.  Further 
than  this,  I did  some  experimental  work  in  the  autumn  of  1914 
which  bears  directly  on  this  problem,  and  Messrs.  Horne  and 
Coffey  may  find  this  data  of  value  in  their  research. 

The  object  of  these  experiments  was  to  determine  the  rate  of 
evaporation  occurring  from  a free  water  surface  at  any  definite 
temperature  when  subjected  to  a current  of  air  of  any  intensity  and 
under  any  known  psychrometric  conditions.  In  these  experiments 
a small  rectangular  copper  tank,  measuring  approximately  5x5x13^ 
inches  deep,  was  filled  nearly  to  the  brim  with  water  at  an  initial 
temperature  of  approximately  140  degrees.  This  tank  was  then 
placed  in  a relatively  large  rectangular  air  duct  in  such  a manner 
as  to  avoid  eddies  and  to  insure,  as  nearly  as  possible,  a parallel 
flow  over  the  surface.  The  intensity  of  this  air  current  could  be 
varied  and  maintained  constant  at  will,  by  means  of  a variable 
speed,  motor  driven  fan.  The  velocity  of  this  air  current  was 
accurately  measured  in  every  case  by  means  of  a Pitot  tube,  and  an 
especially  sensitive  gauge  capable  of  indicating  very  minute  changes 
in  velocity.  A thermometer  was  inserted  in  the  water  and  slowly 
stirred  so  as  to  obtain  a uniform  distribution  of  temperature  as 
well  as  a correct  average  indication  thereof.  The  time  required  for 
each  interval  of  five  degrees  temperature  drop  was  accurately 
noted  , and  recorded  by  the  observer  and  the  experiment  was  con- 
tinued until  the  temperature  of  the  water  practically  reached  that 
of  the  surrounding  air.  The  experiment  was  conducted  in  a room 
under  automatic  temperature  and  humidity  control,  so  that  the 
psychrometric  conditions  could  be  maintained  absolutely  constant 
for  each  experiment  and  varied  at  will. 

Preliminary  radiation  tests  were  made  under  exactly  similar 
conditions  and  with  the  same  weight  of  water  with  the  exception 
that  the  container  was  covered  so  that  no  evaporation  could  occur. 
This  enabled  us  to  plot  the  radiation  curve,  giving  the  B.t.u. 
transmitted  by  radiation  for  various  temperature  conditions  and 
air  velocities.  It  also  enabled  us  to  correct  the  experiments  for 
radiation  losses  in  everv  case,  and  to  obtain  the  curve  of  the  true 
rate  of  evaporation.  The  B.t.u.  transmitted  during  any  given 
interval  of  time  was  measured  by  the  drop  in  water  temperature 
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times  the  weight  of  the  water  used  in  the  experiment,  together  with 
the  water  equivalent  of  the  container. 

The  results  obtained  in  these  experiments  were  somewhat  sur- 
prising to  me,  as  I had  been  led  to  expect  from  experiments  with  the 
counterflow  type  of  cooling  tower  that  the  rate  of  evaporation 
would  be  determined  by  the  difference  between  the  wet  bulb  tem- 
perature of  the  air  and  the  temperature  of  the  water  entering.  A 
great  many  experiments  conducted  with  different  air  conditions 
and  at  different  velocities,  however,  showed  in  this  case  that  for 
any  given  velocity  of  air  the  B.t.u.  transmitted  by  evaporation  was 
invariably  and  exactly  proportional  to  the  difference  between  the 
vapor  pressure  of  the  liquid  corresponding  to  its  temperature,  and 
the  vapor  pressure  in  the  air  corresponding  to  its  dew  point  tem- 
perature. 

It  was  also  found  that  the  rate  of  evaporation,  i.e.,  the  B.t.u. 
transmitted  by  evaporation,  increased  very  rapidly  with  the  air 
velocity.  In  the  still  air  we  had  an  evaporation  corresponding  to 
approximately  95  B.t.u.  per  square  foot  per  hour  for  each  inch 
(mercury)  difference  in  vapor  pressure  between  the  water  and  the 
surrounding  air,  while  at  a velocity  of  1000  feet  per  minute  we  had  a 
rate  of  transmission  of  520  B.t.u.  per  square  foot  per  hour  per  inch 
difference  in  vapor  pressure. 

On  Plate  6,  I have  plotted  the  results  obtained  in  still  air  and 
at  air  velocities  of  600,  1000,  1200  and  1400  feet  per  minute  respec- 
tively and  corresponding  to  one  inch  difference  in  vapor  pressure. 
These  w'ere  results  obtained  in  a number  of  experiments  over  a wide 
range  of  differences  in  vapor  pressure.  This  plot  apparently  gave 
a straight  line  as  shown.  We  see  from  this  that  the  equation  for 
the  rate  of  evaporation  expressed  in  terms  of  B.t.u.  and  the  velocity 
in  feet  per  minute  may  be  written  in  the  form  oi  H = E {a-\-bv) 
{e„. — e„),  where  H is  the  B.t.u.  per  square  foot  per  hour  transmitted 
by  evaporation,  v is  the  velocity  of  the  air  over  the  surface  in  feet 
per  minute,  is  the  vapor  pressure  of  the  water,  is  the  vapor 
pressure  in  the  air,  a b were  experimental  constants  in  our  test. 
The  values  of  the  constants  found  w'ere,  a = 95,  b = 0.425,  when 
V is  expressed  in  feet  per  minute,  so  that  the  equation  for  the  rate 
of  evaporation  from  a water  surface  at  any  temperature  by  air  at 
any  velocity  and  at  any  vapor  pressure  is  H = (95  0.425  v) 

ir  ) • 

I call  attention  to  the  fact  that  this  equation  is  exactly  of  the 
same  form  as  that  given  by  some  older  investigators  for  evaporation 
from  a water  surface.  I further  call  attention  to  the  fact  that  this 
equation  also  holds  true  in  the  case  where  the  water  is  at  the  wet 
bulb  temperature,  as  in  the  case  of  the  experiments  of  Messrs. 
Horne  and  Coffey. 

It  will  be  understood  that  this  curve  and  equation  for  the  rate 
of  evaporation  is  the  instantaneous  rate  corresponding  to  a given 
air  temperature  and  a given  water  temperature,  while  in  actual 
practice  in  a cooling  tower  we  have  an  average  rate  of  evaporation 
corresponding  to  an  average  or  effective  difference  in  vapor  press- 
ures between  the  water  at  a constantly  decreasing  vapor  pressure, 
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Plate  6 


and  the  air  at  a constantly  increasing  vapor  pressure  as  it  passes 
over  the  wetted  surfaces.  For  instance,  in  a tower  of  the  type 
discussed  by  Messrs.  Horne  and  Coffey,  we  have  water  entering 
the  top  at  90  degrees,  leaving  the  bottom  at  75  degrees,  while  we 
niay  have  the  outside  entering  air  at  a dew  point  corresponding 
to  60  degrees,  and  the  wet  bulb  temperature  corresponding  possibly  to 
67  degrees,  leaving  the  top  of  the  tower  at  a dew  point  of  possibly 
80  degrees  and  leaving  the  bottom  of  the  tower  at  a dew  point  of 
possibly  70  degrees.  In  a cooling  tower  of  the  counterflow  type, 
this  calculation  would  be  somewhat  less  complex,  especially  if  the 
quantity  of  air  handled  was  definitely  known.  For  instance,  we 
might  assume  that  a tower  be  so  designed  that  the  water  could 
enter  at  95  degrees  in  the  top  and  leave  the  bottom  at  75  degrees, 
with  the  air  entering  at  a 60  degree  dew  point  and  at  a 67  degree 
wet  bulb  temperature  at  the  bottom,  and  leaving  the  top  at  85 
degrees  saturated.  The  difference  in  vapor  pressures  at  the  bottom 
of  the  tower  would  then  be  0.873 — 0.620  = 0.253  inches  mercury, 
while  at  the  top  we  would  have  a vapor  pressure  difference  1.42 — 
1.03  = 0.39  inches.  The  mean  effective  vapor  pressure  difference 
would  be  therefore  approximately  0.31  inches  mercury,  or  slightly 
less  than  the  numericd  average. 

If  we  may  assume  an  effective  velocity  over  the  wetted  sur- 
faces in  this  type  of  tower  of,  say,  250  feet  per  minute,  we  will  then 
have  (by  Plate  6)  a cooling  effect  of  200  B.t.u.  per  square  feet  per 
hour  times  0.31,  or  a cooling  effect  of  about  60  B.t.u.  per  square 
foot  per  hour  average  throughout  the  tower.  This  will  give  the 
pounds  of  water  which  will  be  cooled  per  hour  through  a 15  degree 
range  by  1 square  foot  of  effective  surface,  as  60  -r-  15=4  lbs.  If 
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the  velocity  were  increased  from  250  to  720,  the  rate  of  cooling 
would  be  twice  as  great,  i.e.,  120  B.t.u.  per  square  feet  per  hour,  and 
1 square  foot  of  surface  would  cool  8 pounds  of  water  per  hour 
through  the  same  range.  This  example  will  give  approximately  a 
method  to  be  followed  out  in  applying  the  above  data  to  cooling 
towers. 

Messrs.  Horne  and  Co  fey* — Taking  up  Mr.  Lasker’s  points 
seriatim ; 

We  quite  agree  that  a cooling  tower  theory  is  of  little  value 
unless  it  can  be  made  the  basis  of  practical  work,  and  this  end  we 
are  endeavoring  to  attain,  as  stated  in  our  paper.  Our  papers  are 
merely  to  report  progress,  and  obtain  the  benefit  of  the  members’ 
criticism  of  the  steps  in  an  investigation  we  know  to  be  of  con- 
siderable interest  to  the  profession,  but  which  may  yet  take  con- 
siderable time  to  complete. 

Regarding  the  air  measurements,  would  say  we  have  sought 
to  minimize  errors  by  using  recording  anemometers. 

The  water  losses  by  evaporation  and  windage,  except  at  high 
wind  velocities,  would  hardly  exceed  one  per  cent,  which  we  think 
introduces  no  error  of  magnitude. 

The  remarks  about  arrangement  of  cooling  surfaces  and  dis- 
tribution of  water  are  quite  true,  but  the  mechanical  features  of  a 
tower  do  not  effect  the  law  of  heat  transfer,  which  is  what  we  are 
investigating. 

Replying  to  Mr.  Burhorn,  he  does  not  regret  more  than  we  do 
our  inability  to  complete  our  investigation  and  formulate  our  con- 
clusions in  time  for  the  1915  meeting.  Some  of  the  difficulties  we 
met  with  are  mentioned  in  our  paper. 

Regarding  the  final  proof  of  our  theory  with  a forced  draft 
tower,  we  evidently  have  not  clearly  stated  the  proposition.  It  is, 
of  course,  true  that  if  the  four  variables  in  our  final  equations  are 
known,  and  the  calculated  results  agree  with  those  actually  obtained 
in  practice,  the  theory  must  be  admitted  to  be  correct,  and  in  no 
other  way  that  we  know  of  can  it  be  directly  proved.  The  total 
effective  cooling  surface  is  one  of  the  variables,  and  as  explained  in 
our  paper,  cannot  be  measured  in  an  atmospheric  tower.  If  then 
we  can  establish  the  general  theory  with  a forced  draft  tower  in 
which  all  the  variables,  including  the  cooling  surface,  can  be  meas- 
ured, we  are  in  a position  to  apply  the  theory  to  atmospheric  towers 
in  the  following  manner;  In  a given  atmospheric  tower  three  of 
the  four  variables  being  known,  and  also  the  results  in  temperature 
reduction,  we  can,  by  putting  these  quantities  in  the  final  equations, 
solve  for  the  unknown  variable  the  effective  cooling  surface.  In 
this  way  constants  can  be  obtained  giving  the  actual  effective 
cooling  surface  in  atmospheric  towers  for  various  drops  between 
decks,  at  different  rates  of  flow,  and  for  various  forms  of  drip  bars. 
Once  these  constants  are  developed,  they  can  be  used  to  predict 
results  under  variable  atmospheric  conditions  and  rates  of  flow,  and 
also  to  establish  criterions  of  efficiency. 
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We  express  to  Mr.  Carrier  our  very  great  appreciation  of  his 
able  and  painstaking  discussion,  which  will  be  of  the  greatest 
service  to  us  in  our  work  upon  this  intricate  and  baffling  problem; 
particularly  in  concentrating  our  attention  on  the  effect  of  variable 
air  velocity  upon  the  value  of  the  constant  Theta  (6)  which  we 
were  in  error  in  assuming  to  be  independent  of  this  variable  after 
the  wet  bulb  temperature  was  attained. 

Since  presenting  our  paper  we  have  made,  at  Mr.  Carrier’s 
suggestion,  a few  random  tests  with  the  experimental  apparatus 
shown  in  Figs.  2 and  3 of  our  present  paper,  after  replacing  the 
constant  speed  fan,  F,  by  one  of  variable  speed,  and  measuring  the 
corresponding  air  velocities  with  a ring  anemometer  suspended  in 
front  of  the  evaporator,  A.  The  observations  were  taken  with  wet 
bulbs  ranging  from  40  degrees  to  55  degrees,  and  dry  bulbs  from  58 
degrees  to  74  degrees.  The  resulting  values  of  6 are  shown  on  the 
accompanying  Plate  7,  and  indicate  this  value  to  vary  directly  as 


Plate  7 


the  air  velocity.  We  will  supplement  and  check  these  experiments 
later  on,  but  we  consider  them  conclusive  in  demonstrating  the 
effect  of  air  velocity  upon  the  value  of  (6). 

The  equation  H = E {a  b v)  — <?„),  proposed  by  Mr. 
Carrier  to  express  the  heat  transfer  in  a cooling  tower  reduces  to 
H = a{e,r — e a)  {1  +7’^)»  which  is  equivalent  to  the  general 
form  of  the  equation  expressing  Dalton’s  law. 

E = C(e,  — ea)  (/  + A IF) 

given  in  our  first  paper,  A.  S.  R.  E.  Journal,  November,  1914,  page 
79,  in  which 

E = evaporation  (weight  or  volume). 

= vapor  pressure  (inches  of  mercury)  corresponding  to  water 
temperature. 
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ea  = vapor  pressure  (inches  of  mercury)  corresponding  to 
dewpoint  temperature. 

W = wind  velocity. 

A and  C = constants. 

This  equation  is  quite  old  and  has  been  used  to  frame  numerous 
experiments  by  different  investigators;  but  it  fails  to  express  the 
true  conditions,  as  shown  by  the  wide  divergence  in  the  constants. 
We  quote  from  a paper  by  Prof.  F.  H.  Bigelow,  Monthly  Weather 
Review^  July,  1907,  “There  have  been  several  important  and 
extensive  researches  into  evaporation  phenomena  such  as  exist  over 
lakes  and  reservoirs  in  different  climates,  wherein  attempts  have 
been  made  to  arrive  at  a general  formula  to  express  the  results  of 
the  observations  upon  the  amount  of  evaporation,  in  terms  of 
several  simple  arguments.” 

He  then  gives  the  author’s  and  the  four  following  formulae 
derived  from  extensive  investigations.  We  are  personally  ac- 
quainted with  the  Fitzgerald  investigation,  which  was  most  elaborate 
and  exhaustive,  including  both  laboratory  and  field  observations  in 
great  number.  His  paper,  read  before  the  American  Society  of 
Civil  Engineers  in  1886  should  be  carefully  studied  by  those  in- 
terested in  the  subject. 

The  formulae  cited  by  Prof.  Bigelow  are: 

1.  Abbassia  (Egypt)  /s|mm/month  = 8.8  (^„.-q) 

(1  H-  0.0289^),  where  k = wind  in  kilometers  per  hour. 

2.  Fitzgerald  (Boston,  1876-87)  E|inch/day  = 0.3984  {e„-e,i) 

(1  -}-  0.0208  ir),  where  IT  = wind  mpvement  per  day. 

3.  Carpenter  (Fort  Collins,  1887)  E|inch  day  = 0.3868 

{e,,-ea)  (1  + 0.0025  IT). 

4.  Stelling  (Russia,  1875-82)  E\mm/2  hrs  = 0.0702  2)  {etr~e,i 

-f  0.00319  2 {e„.~e,i)  IT,  where  2 (^„.-^rf)  = sum  of  twelve 

readings  taken  every  two  hours. 

Prof.  Bigelow  then  says: 

All  are  in  form  Dalton’s  law, 

E = A {e„-efi)  (1  C k) 

Reduced  to  common  form,  standard  units,  and  a specific 
example,  the  paper  states  these  formulae  give  the  following  evapora- 
tion in  millimeters  per  hour: 

1.  7?lmm  hour  = 0.1337,  or  relatively  100 

2.  “ = 0.2162  “ “ 162 

3.  “ = 0.1501  “ “ 113 

4.  “ = 0.3495  “ “ 261 

The  last  column  compares  the  results  more  clearly.  We  have 
taken  the  lowest  at  100  and  the  others  proportional  thereto. 

The  professor  then  comments  as  follow’s : 

“The  agreement  is  so  unsatisfactory  as  to  suggest  that  the 
formulae  have  not  a comprehensive  form  and  that  the  so-called 
constants  determined  empirically  are  in  reality  variable  to  a con- 
siderable extent.” 

The  unreliable  results  so  far  obtained  in  following  the  law  of 
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Dalton  applied  to  evaporation,  and  the  consequently  obvious  errors 
that  would  be  introduced  if  it  were  applied  to  the  heat  cycle  of  a 
cooling  tower,  were  what  induced  us  to  undertake  our  present  in- 
vestigation in  the  hope  of  developing  something  better. 

A further  objection  to  using  the  Dalton  equation  in  cooling- 
tower  calculations  is  its  failure  to  express  the  flow  of  sensible  heat, 
which  is  a very  important  item  at  water  temperatures  high  above 
the  air  temperature,  w'hen  the  heat  transfer  is  from  water  to  air; 
and  again  at  water  temperatures  below  the  air  temperature  when 
the  heat  transfer  reverses.  In  this  respect  our  general  equation 
(3),  page  86  of  A.  S.  R.  E.  Journ.al,  November,  1914,  is  superior,  as 
it  e.xpresses  both  the  latent  and  the  sensible  heat  flow. 

One  more  point  in  which  we  disagree  with  Mr.  Carrier  con- 
cerns his  opinion  that  an  approximate  mean  of  the  air-water  vapor 
pressure  differences  on  entering  and  leaving  the  tower  would  express 
the  mean  effective  difference  for  the  cycle.  An  inspection  of  Plate 
4,  page  88,  A.  S.  R.  E.  Journal,  November,  1914,  our  first  paper 
shows  that  the  air  and  water  curves  expressing  the  differences  E 
at  all  stages  of  the  passage  do  not  approximate  straight  lines,  and 
that  therefore  the  mean  difference  will  not  even  approximate  the 
mean  of  the  extremes.  Additional  examples  of  these  curves  are 
shown  on  Plate  3 of  our  present  paper.  In  fact  one  of  our  chief 
objects  at  present  is  to  find  a simple,  workable  expression  that  will 
give  this  mean  difference.  It  is  true,  Mr.  Carrier  refers  to  actual 
vapor  pressure  differences  alone,  w'hile  our  curves  express  a some- 
what larger  difference,  due  to  the  combined  sensible  heat  factor; 
nevertheless  the  curve  forms  remain  substantially  similar  and  the 
argument  holds  good. 

In  closing,  we  wish  again  to  thank  Mr.  Carrier  for  what  we 
term  his  constructive  criticism,  which  in  the  general  search  for 
truth  is  of  vital  value. 
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By  Henry  Torrance,  New  Yc«k,  N.  Y. 

DOUBLE  PIPE  CONDENSER  TESTS 

At  the  Tenth  Annual  Meeting  of  this  Society  in  1914  the  writer 
presented  test  data  showing  that  a double  pipe  ammonia  condenser 
with  the  same  tonnage  and  water  supply  gave  the  same  results 
whether  the  w^ater  and  ammonia  respectively  and  countercurrently 
ran  up-hill  or  down-hill.  These  data  were  published  in  the  A.  S.  R.  E. 
Journal  for  May,  1915. 

At  that  time  it  was  said  the  test  data  were  not  complete,  as 
the  anhydrous  ammonia  circulated  was  not  weighed.  This  was 
true,  but  the  tonnage  was  the  same,  hence  the  quantity  of  liquid 
must  have  been  about  the  same. 

These  tests  showed  that  in  a double  pipe  condenser  it  does 
not  matter  whether  the  ammonia  runs  uphill  or  downhill  (water  to 
run  countercurrent)  and  that  “flooding”  makes  no  gain. 

FLOODED  ATMOSPHERIC  CONDENSERS 

This  past  summer  further  experiments  have  been  made  on  the 
same  test  plant,  with  the  same  machinery,  on  atmospheric  con- 
densers. A standard  flooded  condenser  of  the  injector  type.  Fig.  1, 
was  purchased  from  the  manufacturer  and  tested.  There  was 
inserted  a gate  valve  on  the  fourth  run  of  pipe  from  the  bottom, 
so  that  when  closed  the  condesner  became  the  ordinary  type  in 
use  for  years  and  in  which  the  gas  first  went  through  three  runs 
of  pipe  at  the  bottom,  so  that  the  hot  gas  would  first  be  cooled  by 
waste  water,  then  it  entered  the  top  of  the  coil  as  usual  and  ran 
down  hill  as  usual. 

A number  of  tests  were  run  and  the  results  shown  in  Table  I 
appear  a little  better  with  the  valve  closed,  considering  that  the  surface 
was  reduced.  Fig.  2 shows  the  valve  removed. 

■ In  Fig.  3 are  plotted  the  weights  of  ammonia  condensed  per 
square  feet  per  hour  per  1 degree  Fahrenheit  mean  temperature 
difference  against  the  total  amount  of  ammonia  condensed  per  hour. 

THEORY  OF  CONDENSATION 

Fred  Ophuls  first  pointed  out  to  the  writer  that  a vapor  will 
condense  best  when  it  actually  touches  a dry  surface  and  that  any 
liquid  present  will  serve  to  keep  the  vapor  away  from  the  surface. 

The  writer  believes  that: 

In  a condesner  where  vapor  is  condensed  the  vapor  should 
touch  the  pipe  surface. 

In  a brine  cooler  where  liquid  is  evaporated  the  liquid  should 
touch  the  pipe  surface. 

A condenser  should  run  empty  as  far  as  possible. 

A brine  cooler  should  run  flooded  as  far  as  possible. 

* Head  at  Eleventh  .\nnual  Meeting,  New  York,  N.  Y.,  December  d.  7 and  8, 
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DISCUSSION 

President  Doelling. — Was  the  gate  valve  tight? 

Mr.  Torrance. — As  far  as  we  knew.  We  thought  a gate  valve 
would  give  a fairer  test. 

Louis  Block. — What  is  that  on  the  third  pipe  from  the  bottom 
in  Fig.  2. 

Mr.  Torrance. — Ice;  when  the  condenser  was  shut  down  and 
the  ammonia  drawn  off  there  was  a little  freezing. 

Louis  Block. — How  did  you  arrive  at  the  weight  of  the  am- 
monia? 

Mr.  Torrance. — It  was  weighed  in  receivers,  first  filling  one  and 
then  the  other.  Our  Mr.  Ewer  will  be  able  to  explain  that. 

Louis  Block. — Why  do  you  figure  that  you  cut  out  one  pipe 
when  you  really  cut  out  two  pipes? 

Mr.  Torrance. — I did  not  wish  to  exaggerate  it.  I did  not 
think  it  was  fair  to  say  that  two  pipes  were  cut  out;  that  is  a ques- 
tion of  opinion. 

Louis  Block. — I think  not.  Now,  Mr.  Torrance,  you  say  that 
with  the  valve  closed,  and  consequently  putting  two  pipes  out  of 
commission,  you  are  doing  more  work  than  with  the  valve  open  and 
those  two  pipes  in  commission,  and  since  I cannot  suppose  that  the 
injection  of  cold  liquid  into  a gas,  which  has  parted  with  its  super- 
heat by  that  time  and  is  just  about  ready  to  condense,  can  do  any 
possible  harm,  would  it  be  logic  to  conclude  that  if  you  took  two 
more  pipes  out  you  would  still  do  more  work? 

Mr.  Torrance. — We  got  better  results  in  spite  of  the  fact  that 
there  was  one  less  pipe  because  there  was  no  liquid  injection. 

Louis  Block. — Then  take  out  two  more  pipes  and  you  get  still 
better  results? 

Mr.  Torrance. — This  was  a comparative  test  between  two  types 
of  condensers,  each  having  the  same  surface. 

Louis  Block. — I say  it  cannot  possibly  do  any  harm  to  inject 
a cold  liquid,  which  is  colder  than  the  gas,  into  a gas  which  is  just 
about  ready  to  condense. 

Mr.  Torrance. — The  condenser  with  the  injector  took  more 
surface  to  do  the  same  work. 

Louis  Block. — You  have  made  some  sort  of  mistake  in  your 
test,  which  I cannot  fathom  just  now,  but  it  seems  impossible  and 
this  theory  of  cooling  the  gas  in  contact  with  dry  surfaces  has  long 
been  exploded;  that  is  simply  the  theory  which  steam  condenser 
builders  or  manufacturers  have  followed  and  they  are  mistaken. 

Mr.  Torrance. — Mr.  Block,  we  are  talking  about  a vapor,  not 
a gas. 

V.  R.  H.  Greene. — Inasmuch  as  I co-operated  with  Mr.  Torrance 
in  this  test,  I would  like  to  show  that  Mr.  Block  is  wrong.  As  Mr. 
Block  very  truly  said,  it  has  been  well  known  in  steam  condenser 
practice  for  a great  many  years  that  to  keep  the  cooling  surfaces  as 
dry  as  possible  produces  a maximum  rate  of  heat  transfer,  and  that 
has  been  looked  into  by  so  many  eminent  authorities  that  I do  not 
think  it  is  up  to  this  Society  to  question  the  statement.  In  the 
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Still  more  efficient  surface  steam  condensers  recently  brought  out, 
and  this  has  also  been  brought  before  the  Society  before,  baffle 
plates  have  been  cast  on  the  side  of  the  cast  iron  shell  to  receive 
the  liquid  as  fast  as  condensed  and  take  it  away. 

Louis  Block. — How  are  those  baffle  plates  arranged? 

r.  R.  H.  Greene. — Cast  on  the  side  of  the  shell. 

Louis  Block. — To  hold  the  liquid  in? 

V'".  R.  H.  Greene. — No,  to  take  it  out. 

Louis  Block. — And  pour  it  on  the  tubes  again? 

V.  R.  H.  Greene. — No,  sir;  take  it  away  as  fast  as  condensed. 

Louis  Block. — Are  the  baffles  very  close  to  the  tubes? 

V'.  R H.  Greene. — No,  the  whole  space  is  filled  with  tubes  with 
the  baffles  cast  along  the  side,  but  the  idea  of  the  baffles  is  to  get 
rid  of  the  liquid.  The  reason  is  this;  while  it  has  been  stated  be- 
fore this  society  that  the  gas  to  water  transfer  is  the  poorest  possible 
transfer  we  can  get,  the  reason  being  that  when  a gas  is  in  contact 
with  its  own  molecules  of  gas  there  is  no  way  that  the  heat  can 
pass  through  the  pipe  surface  into  the  water  outside  of  the  pipe 
surface  except  by  conduction  from  one  molecule  to  the  other;  we 
must  remember  that  ammonia  is  a vapor  and  not  a gas  and  the 
foregoing  statement  does  not  apply.  When  a vapor,  particularly 
near  its  liquefaction  point,  is  in  contact  with  a pipe  surface  with 
water  on  the  outside  it  collapses  and  should  be  drained  away  to 
allow  another  molecule  of  vapor  to  get  in  contact  with  that  same 
surface.  The  probable  reason  for  the  increase  of  the  rate  of  heat 
transfer  by  increasing  the  velocity,  which  was  brought  out  at  one 
of  the  previous  meetings  by  Mr.  Ophuls,  is  that  high  vapor  velocities 
keep  the  liquid  film  on  the  condensing  surface  thin,  so  that  the 
oncoming  molecules  of  vapor  may  strike  upon  that  surface  and  there 
be  condensed.  I would  like  to  show  you  why  this  seems  to  work 
out  in  this  particular  test.  We  used  a standard  condenser  where 
the  vapor  enters  at  the  top  and  the  liquid  drains  out  at  the  bottom. 
We  knew  the  relative  velocity  of  the  vapor  in  the  pipes. 

Louis  Block. — How  did  you  ascertain  the  relative  velocity? 

V.  R.  H.  Greene. — In  this  old  style  of  condenser,  with  the  vapor 
going  in  at  the  top  and  the  liquid  coming  out  at  the  bottom,  we 
found  the  weight  of  ammonia  circulated  per  hour,  and  so  figured 
the  velocity  of  the  vapor  at  the  entrance  to  the  condenser.  We 
assumed  in  this  paper  that  the  vapor  entered  the  top  at  maxi- 
mum velocity  and  came  out  at  the  bottom  at  zero  velocity,  being 
all  condensed  at  the  outlet.  At  the  same  time  there  could  be 
but  little  liquid  present,  because  the  vapor  carried  the  liquid 
down  with  it.  We  plotted  a series  of  curves,  the  ordinates  being 
the  surface  and  the  abscissae  being  the  velocity.  It  was  a simple 
matter  to  get  the  average  vapor  velocity  through  the  condenser 
and  then  with  the  aid  of  Mollier’s  equation  we  figured  out  what  the 
rate  of  heat  transfer  was  on  the  original  old  type  condenser.  The 
next  move  to  make  was  to  reverse  this  condenser  and  have  the  gas 
go  in  at  the  bottom  and  the  condensed  liquid  come  out  at  the  top. 
Here  we  assumed  that  the  liquid  began  to  build  up  in  the  upper  9 
or  10  pipes.  Manifestly  no  liquid  could  be  in  the  bottom  pipes. 
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because  our  test  showed  that  two  or  three  of  the  bottom  pipes  were 
required  to  take  out  the  superheat,  and  any  liquid  at  this  point 
would  be  above  its  liquefaction  temperature.  Somewhere  higher 
up  in  the  condenser  the  ammonia  vapor  began  to  condense  and 
accumulate,  and  when  an  excess  of  ammonia  collected  in  these  pipes 
the  vapor  carried  it  to  the  next  pipe  higher  and  so  on  up  until 
liquid  was  discharged  at  the  top  pipe.  For  this  type  of  condenser 
we  obtained  a curve  showing  that  the  velocity  of  the  vapor  through 
the  pipes  was  higher  than  in  the  old  type  of  condenser.  This  is 
brought  about  presumably  by  the  presence  of  the  liquid  reducing 
the  effective  area  of  the  pipe  so  that  the  vapor  must  travel  over 
the  top  of  the  liquid  and  in  this  manner  a higher  velocity  is  main- 
tained and  a higher  rate  of  heat  transfer  obtained  than  in  the  old 
type  with  the  top  feed  and  the  bottom  liquid  drain.  Now  the  next 
point  was  to  see  if  this  theory  was  applicable  and  see  if  it  was  not 
true,  as  is  true  in  steam  condenser  pratice,  that  the  rate  of  heat 
transfer  in  the  condenser  is  a function  of  the  velocity  of  the  vapor 
and  not  of  the  liquid  which  may  be  present  in  the  condenser.  From 
the  data  which  Mr.  Torrance  has  presented  we  obtained  some  very 
interesting  information,  shown  in  Tables  II  and  III.  The  figures 
in  Table  II  were  obtained  with  the  valve  closed,  which  means  that 
the  vapor  entered  the  bottom  and  passed  up  the  first  three  pipes,  for 
convenience  called  the  superheat  pipes,  then  went  up  to  the  top  pipe, 
and  from  there  down  and  out  of  the  drip  connection,  which  made 
it  the  regular,  old  time  condenser  used  before  the  introduction  of 
the  ejector.  In  all  these  tests,  the  liquid  ammonia  was  weighed, 
the  brine  was  weighed,  the  temperature  ranges  taken  and  the  heat 
balance  checked  up  within  less  than  5 per  cent,  which  I consider 
very  close  for  work  of  this  character.  Knowing  the  effective 
cooling  surface  of  this  condenser,  and  not  making  any  allowances 
for  one  less  pipe,  as  Mr.  Torrance  did,  I took  the  cooling  surface  at 
150  square  feet.  Knowing  the  velocity  of  the  vapor  at  entrance,  its 
mean  square  root  speed  and  the  rate  of  heat  transfer  as  shown 
by  Table  II  we  can  calculate  the  total  heat.  Table  III  shows  the 
heat  rejected  with  the  valve  open.  The  initial  velocity  was 
taken  as  equal  to  the  velocity  of  the  gas  through  the  ejector 
orifice,  which  was  somewhat  less  than  one  inch  in  diameter.  We 
knew  how  much  vapor  went  through  the  orifice,  because  we  had  de- 
termined the  weight  of  ammonia  in  the  sajthe  manner  as  in  the  pre- 
vious case.  We  calculated  the  velocity  through  the  ejector  nozzle, 
which  we  took  out  and  carefully  calibrated,  and  found  the  velocity 
very  liigh.  The  only  assumption  we  had  to  make  in  the  calculation, 
which  we  did  intentionally,  was  to  assume  that  because  this  is  a 
flooded  condenser,  and  because  liquid  does  come  down  through  the 
pipes  above  and  enters  the  annular  space  of  the  ejector  where  the 
vapor  enters,  that  the  liquid  lay  in  the  pipes,  filling  them  partly 
full  of  liquid  and  forcing  the  vapor  to  travel  at  a proportionately 
high  velocity  through  the  space  between  the  surface  of  the  liquid 
and  the  inside  of  the  pipe.  We  figured  this  way  so  as  to  assume  that 
the  velocity  throughout  the  condenser  was  practically  constant 
until  the  end,  and  in  that  way  obtained  a rate  of  heat  transfer 
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Table  II. — Atmospheric  Condenser 


Absorption  Plant 


Dates  of  Test,  1915 


Rate  of  Heat  Transfer,  km 

Heat  Rejected  in  B.t.u.  per  hour 

Initial  Velocity  at  Condenser  in  ft.  per 

second,  t'l 

Mean  Sq.  Root  of  Speed,  r»i  = ‘‘/V'j 

km  = ^ t'm  

k 

Then  a = 


Dec.  2. 

Nov.  30 

Nov.  22 

Nov.  24 

2.35. 

5.35.S00 

226.9 

399,960 

170.1 

179,280 

212.5 

350,520 

22.8 

10.1 

18.2 

8.1 

9.14 

4.07 

16.67 

7.42 

73.9 

79.9 

84.3 

78.2 

Avera 

ge  79.1 

Table  III. — Atmospheric  Flooded  Condenser 


\ 

.\bsorption  Plant 

Comp. 

Plant 

Dates  of  Test,  1915 

Dec.  2 

Nov.  30 

Nov.  29 

Nov.  20 

Cct.  20 

Rate  Heat  Transfer,  k»,,  as 
Calculated  from 

km  = 79.1  1^  Vm  . 
Heat  Rcjecterl  iti  H.t.ii,  per  hr. 
Initial  Velocity  at  Condenser 
in  ft.  per  sec.,  Vi. 

83 1 . 
529, 20C 

1 10,2 

733. 
396, 4SO 

86. 

541. 

189,720 

46 . 9 

531 . 
179,940 

45.  1 

619. 

362,400 

67.2 

Mean  Logarithmic  Temp.  Dif- 
ference between  Water  and 

Vapor  in  Condenser* 

IvfTective  Cooling  Surface.  . 
a as  taken  from  Tests  on  At- 
mospheric Conden.ser. 

13.10 

4H.6 

11 .90 
45 . 4 

Avera 

7.32 
47 . 8 

ge79  1 

9.82 
56 . 8 



* Difference  in  the  mean  temperature  differences  found  for  the  same  tests  in  Tables 
I and  III  are  due  to  the  fact  that  the  former  are  based  on  tl>e  tcmiierature  due  to  the 
discharge  pressure  at  entrance  to  the  condenser  and  the  latter  on  the  actual  liquefac- 
tion temperature  in  the  condenser. 


which  ran  as  high  as  831  B.t.u.  on  test  of  Dec.  2,  with  tremendously 
high  vapor  velocity  going  through  the  pipes  to  produce  this  rate  of 
heat  transfer.  Now  the  temperature  difference,  that  is,  the  log- 
arithmic mean  temperature  difference  was,  13.1.  If  we  know  the 
rate  of  heat  transfer  and  we  know  the  logarithmic  mean  temperature 
difference  and  the  total  B.t.u.  rejected,  it  is  simple  to  find  the  effec- 
tive cooling  surface  of  the  condenser.  The  effective  cooling  surface 
is  as  shown  in  Table  III. 

Louis  Block. — How  do  they  happen  to  vary? 

V.  R.  H.  Greene. — They  do  not  vary  very  much. 

Louis  Block. — Why  do  they  vary  at  all? 

R.  H.  Greene. — These  are  different  tests  on  different  days 
under  different  conditions. 

Louis  Block. — That  does  not  make  any  difference;  the  condenser 
does  not  change  from  day  to  day. 
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V’.  R.  H.  Greene. — The  tonnage  changes. 

Louis  Block. — You  say  the  effective  cooling  surface;  you 
•cannot  change  the  cooling  surface  unless  you  let  one  part  of  the 
•condenser  run  dry. 

V.  R.  H.  Greene. — That  is  the  beauty  of  the  whole  test.  It 
shows  that  you  have  150  square  feet  of  cooling  surface  in  that  con- 
denser, of  which  only  48.4  worked;  the  balance  must  have  been 
partially  filled  with  liquid — enough  to  reduce  the  effective  surface. 

Louis  Block. — You  do  not  suppose  the  liquid  can  lie  there  and 
not  flow  out? 

V".  R.  H.  Greene. — I surely  do. 

Louis  Block. — When  you  get  behind  it  with  a velocity  of  110.2 
feet  per  second. 

.1'.  R.  H.  Greene. — That  only  stirs  up  the  surface. 

Louis  Block. — You  have  never  looked  in  there? 

R.  H.  Greene. — I have  not. 

L.  Williams. — What  is  the  831? 

V.  R.  H.  Greene. — The  rate  of  heat  transfer. 

L.  Williams. — What  surface  did  you  use  in  calculating  that 
rate  of  heat  transfer? 

V.  R.  H.  Greene. — I took  the  rate  of  heat  transfer  from  the  same 
equation  that  I used  all  the  way  through  and  found  out  the  average 
velocity  in  this  condenser. 

L.  Williams. — Then  the  only  chance  you  take  is  on  the  assumed 
velocity  through  the  jet? 

V.  R.  H.  Greene. — That  is  true. 

L.  Williams. — If  the  gas,  after  passing  through  the  jet  slows 
down,  then  your  deductions  are  wrong? 

V.  R.  H.  Greene. — Yes,  and  the  only  thing  I can  offer  to  support 
this  deduction  is  that  these  figures  stay  the  same  for  all  tonnages. 

L.  Williams. — But  your  deduction  remains  about  the  same  re- 
gardless, doesn’t  it?  It  varies  between  the  tonnage? 

V.  R.  H.  Greene. — I have  obtained  all  kinds  of  velocity,  but  the 
surface  remains  practically  constant.  This  leads  me  to  believe 
that  the  condenser  pipes  are  probably  half  full  of  liquid,  and  con- 
sequently I have  to  change  my  temperature  difference  to  do  effective 
work. 

L.  Williams. — Then  the  same  percentage  of  the  condenser  is 
effective  regardless  of  the  tonnage  you  are  putting  out? 

V.  R.  H.  Greene. — Yes,  because  the  same  amount  of  liquid 
lies  in  the  bottom  of  all  those  pipes,  which  you  would  expect. 

L.  Williams. — I would  expect  that  with  a higher  velocity  it 
would  carry  the  liquid  over. 

V.  R.  H.  Greene. — No,  it  only  stirs  up  the  surface. 

L.  Williams. — The  tendency  would  be  to  bank  the  liquid  higher 
in  the  pipe? 

I'.  R.  H.  Greene. — The  pipes  will  stay  as  full  as  they  can  to 
permit  the  gas  to  pass  over  the  top  of  it. 

L.  Williams. — But  that  fullness  will  varv  with  everv  different 

w>  ^ 

velocity  ? 

1'.  R.  H.  Greene. — Only  slightly. 
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L.  Williavis. — But  it  seems  to  me  that  that  situation  is  not 
one  on  which  you  can  base  deductions  of  this  nature ; it  is  too  far- 
fetched. 

I'.  R.  II.  Greene. — Personally  I feel  that  there  is  no  question 
about  it.  We  have  advanced  theories  before  to  prove  that  the 
rate  of  heat  transfer  is  governed  more  by  the  velocity  of  the  vapor 
than  by  any  other  thing,  and  here  are  the  actual  facts.  I am 
trying  to  satisfy  these  facts  from  an  engineering  standpoint  based 
on  theory,  and  this  deduction  comes  close  to  satisfying  the  actual 
conditions. 

L.  Williams. — It  seems  to  me  that  the  reasons  I have  just 
advanced  upset  your  fundamental  deductions  and  would  possibly 
make  the  last  line  in  your  tables  all  wrong. 

V'.  R.  H.  Greene. — But  that  cannot  affect  the  results;  this  is 
the  work  the  condenser  actually  did;  it  is  not  based  on  theory. 

L.  Williams. — One  of  them  must  go. 

I’.  R.  H.  Greene. — The  only  variable  of  the  proposition  is, 
does  the  velocity  stay  constant?  You  cannot  question  the  facts 
because  they  prove  themselves,  since  they  form  a heat  balance. 

Fred  Ophuls. — I think  that  in  this  discussion  we  lose  sight  of 
the  fact  that  the  tests  showed  there  was  no  difference  betw'een  the 
two  styles  of  condensers.  The  calculations  we  have  offered  here 
are  only  a means  or  attempt  to  check  up  the  results  that  we  have 
obtained  and  explain  why  the  presence  of  liquid  has  no  bearing  on 
the  operation  of  the  condenser.  We  do  not  offer  this  as  actual 
scientific  data,  but  we  do  offer  it  as  proof  that  even  if  the  liquid 
lay  in  the  condemser  or  the  velocity  kept  constant  or  even  if  the 
velocity  varied  we  can  show  that  less  surface  than  the  whole  surface 
of  the  condenser  was  effective  in  producing  the  tonnage.  That  is 
the  only  object  of  the  paper,  and  in  this  discussion  we  must  keep 
in  mind  the  fact  that  from  the  11  tests  that  were  made,  five  with 
the  valve  closed  and  six  with  the  valve  opened,  no  difference  at 
all  was  noticeable  in  the  operation  of  the  condenser. 

Mr.  Block  said  before  that  the  theory  that  a vapor  will  condense 
more  rapidly  when  brought  in  contact  with  a cool  dry  surface  was 
exploded.  This  is  not  so.  In  steam  condenser  practice  it  is  still 
regarded  as  the  correct  theory.  There  are  a great  many  more  em- 
inent men  engaged  in  steam  engineering  or  have  been  in  years 
gone  by  than  one  can  find  in  the  refrigerating  industry,  so  we  cannot 
discard  their  theories  without  a great  deal  of  most  scientific  in- 
vestigation. The  tests  I made  at  the  De  La  Vergne  Machine  Com- 
pany were  made  to  analyse  condenser  performance.  These  results 
I presented  last  year  before  this  Society.  They  show  conclusively 
that  there  seems  to  be  a change  in  the  heat  transfer  due  to  vapor 
velocity.  In  the  various  types  of  condensers  I analyzed,  this 
change  was  certainly  due  to  a decrease  in  the  thickness  of  the 
liquid  film  on  the  pipes  when  the  velocity  of  the  vapor  increases. 
The  correctness  of  this  theory  you  will  readily  admit  if  you  will 
consider  the  difference  between  the  action  of  the  molecules  of  a 
gas  and  of  a vapor  on  being  cooled. 

The  removal  of  heat  from  a gas  must  take  place  either  by  con- 
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duction,  convection  or  radiation  or  a combination  of  these.  Only 
a small  part  of  the  molecules  of  the  gas  being  cooled  actually  come 
into  contact  with  the  cooling  surface,  but  in  the  case  of  a vapor, 
the  action  of  the  molecules  are  entirely  different.  As  one  molecule 
collapses,  the  succeeding  molecule  has  an  opportunity  to  come  in 
contact  with  either  the  liquid  covering  the  cooling  surface  or  else 
with  the  surface  itself,  if  it  is  dry  enough,  and  therefore  if  one 
could,  for  instance,  by  rotating  the  cooling  surface  at  tremendous 
speed,  keep  the  film  of  liquid  on  the  cooling  surface  very  thin, 
one  would  probably  be  able  to  approach  the  actual  conductivity 
of  the  metal  as  far  as  the  heat  transfer  co-efficient  is  concerned. 

Louis  Block. — How  do  you  know  that  high  velocity  keeps  the 
surface  clean  in  a condenser  of  this  kind? 

V.  R.  H.  Greene. — That  is  just  what  we  are  trying  to  prove. 

Louis  Block. — You  are  only  guessing. 

V.  K.  H.  Greene. — We  are  not  guessing;  these  are  the  results 
of  actual  tests;  nothing  is  assumed. 

Fred  Ophuls. — The  idea  is  this;  we  used  the  five  tests  made  on 
the  condenser  with  the  valves  shut  to  find  the  constant  a in  Mollier’s 
equation  of  the  relation  between  the  heat  transfer  co-efficient  and 
the  velocity  of  the  vapor  and  with  this  data  we  figured  the  amount 
of  effective  cooling  surface  required  to  giv^e  the  results  obtained 
with  the  ejector  type  of  condesner. 

L.  S.  Morse. — These  figures  are  very  interesting  but  they  do 
not  give  all  of  the  test  data.  You  will  notice  that  Mr.  Torrance 
has  omitted  the  amount  of  water  circulated.  I would  like  to  have 
him  give  approximately  the  amount  of  water  circulated  for  those 
conditions. 

Fred  Ophuls. — You  can  get  that  from  the  temperature  difference 
of  the  water. 

L.  5.  Morse. — I would  like  to  know  if  you  have  this  data. 

Mr.  Torrance. — Mr.  Ewer  had  those  figures  and  also  the  temper- 
ature of  the  gas. 

Fred  Ophuls. — The  amount  of  water  showered  over  the  con- 
denser makes  no  difference,  that  I can  see. 

L.  5.  Morse. — In  guaranteeing  condenser  capacity  we  are  gov- 
erned by  temperature  and  amount  of  water,  hence  I would  like  to 
know  how  much  water  you  used. 

Fred  Ophuls. — You  can  tell  close  enough  by  the  temperature 
difference  of  the  water,  allowing  3 gallons  a ton  or  something  like 
that.  It  ranges  from  6 to  3 gallons.  If  it  is  five  degrees  difference, 
it  is  about  b gallons  a ton. 

V.  R.  FI.  Greene. — We  are  not  criticising  the  flooded  condenser; 
we  obtained  a tremendous  rate  of  heat  transfer,  and  what  produces 
this  is  the  question.  Is  it  due  to  the  presence  of  liquid  or  to  the  high 
vapor  velocity? 

L.  S.  Morse. — I am  trying  to  find  out  how  you  arrived  at  3 
gallons  per  ton. 

Mr.  Torrance. — The  water  inlet  temperature  and  the  water 
outlet  temperature  are  given  in  Table  I;  that  is  what  affects  the 
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condenser.  In  the  third  test  the  quantity  ran  up  a little,  and  the 
range  was  decreased. 

L.  S.  Morse. — That  is  approximately  3 gallons  then? 

Mr.  Torrance. — Yes,  a ten  degree  range  is  about  3 gallons. 

L.  5.  Morse. — Well,  that  is  the  question  I wanted  to  bring  up. 
You  see  that  three  gallons  per  minute  of  60  degrees  water  was 
used,  which  amount  is  excessive  for  the  temperature.  I have  no 
comparative  data  available,  at  least  none  here,  but  there  is  no 
question  that  this  particular  condenser,  if  properly  operated 
as  a flooded  condenser,  and  showered  with  water  uniformily  dis- 
tributed, should  have  shown  a better  capacity.  This  condenser, 
even  with  higher  temperature  water,  should  maintain  135  lbs.  con- 
densing pressure  under  the  same  tonnage,  with  50  per  cent  less 
water. 

V.  R.  H.  Greene. — I purposely  omitted  from  Table  III  a test  which 
I ran  on  a compression  machine  with  flooded  condenser  many  miles 
away  from  Carbondale  which  was  so  nearly  identical  that  there  was 
very  little  difference.  I will  put  them  in  the  last  column  of  Table 
III.  We  used  only  one  gallon  of  water  per  ton  per  minute  on  the 
condenser.  This  was  a compression  machine;  water  circulated,  32 
gallons  a minute,  the  heat  rejected  in  B.  t.  u.  per  hour  was  362,400; 
the  initial  velocity  at  condenser  in  feet  per  second  was  67.2;  the  rate 
of  heat  transfer,  k„,  was  equal  to  649 ; the  mean  logarithmic  tem- 
perature difference  between  water  and  vapor  was  equal  to  9.82 
and  the  square  feet  of  effective  cooling  surface  was  56.8.  You  see 
we  had  superheated  vapor  in  this  case.  I left  this  test  out  because 
we  had  superheated  vapor,  whereas  in  the  absorption  machine 
the  superheat  is  taken  out  at  the  rectifier;  that  makes  a little 
variation,  which  I did  not  want  to  confuse  with  the  other  tests,  but 
you  see  the  general  result  is  the  same  wdth  only  56  out  of  150  square 
feet  effective. 

L.  S.  Morse. — There  must  be  something  wrong  about  these 
figures,  because  they  do  not  bear  out  the  actual  practice.  Take 
56  square  feet;  that  was  about  four  pipes. 

V.  R.  H.  Greene. — I say  that  out  of  150  square  feet  of  surface 
in  the  condesner  tested  in  conjunction  with  the  compression  machine 
only  56  square  feet  was  actually  doing  work. 

L.  S.  Morse. — That  is  for  cooling  and  condensation? 

V.  R.  H.  Greene. — Yes;  the  balance  is  filled  with  liquid,  which 
keeps  up  the  velocity. 

L.  S.  Morse. — The  liquid  distributed  over  the  whole  condenser? 

V.  R.  H.  Greene. — Yes,  larger  at  the  bottom  and  less  at  the  top. 

A.  Winborg. — I believe  that  Mr.  Torrance  would  be  dis- 
appointed if  we  could  not  possibly  find  something  wrong  with 
his  data,  because  he  sent  us  an  abstract  of  his  paper  before  we 
came  to  the  meeting.  Now,  we  only  received  some  figures  of  the 
results  obtained;  for  instance,  one  of  the  most  important  parts  is 
the  amount  of  water  circulated  in  each  test.  Mr.  Torrance  thinks 
it  is  something  like  3 gallons  a minute  per  ton.  If  that  was  the 
case,  he  should  have  obtained  a lower  pressure  than  he  did  on  a 


AMMONIA  CONDENSER  DATA 


45 


flooded  injector  condenser  of  the  standard  York  type  and,  in  fact, 
with  the  head  pressure  obtaining  he  should  have  obtained  some- 
thing like  40  per  cent  more  tonnage  than  he  gives  in  his  results. 
Now  there  evidently  was  something  absolutely  wrong  with  the 
operation  of  that  condenser.  There  is  one  thing  in  this  test  that 
is  different  from  the  tests  run  on  the  condenser  in  York,  and  that 
is  the  temperature  of  the  discharge  gas  as  it  hit  the  condenser.  Of 
course  we  had  a compression  plant  and  superheated  gas;  in  this 
case  it  is  an  absorption  plant  and  a dehydrator  doing  a good  deal 
of  the  cooling  work  on  the  gas.  Now,  it  is  possible,  and  I might 
say  probable,  that  the  low^er  part  of  the  condenser,  or  what  we 
call  the  pre-cooler,  was  actually  flooded  in  this  case,  that  is,  the  gas 
gets  in  there  nearly  saturated  and  it  is  condensed  in  there  while 
blowing  up  through  the  pre-cooler,  through  the  liquid  in  the  two 
pipes  and  also  through  the  third  pipe,  and  it  is  probable  that  in 
this  case,  whether  the  valve  was  open  or  closed,  the  effective  part 
of  the  condenser  would  only  be  the  three  lower  pipes  and  the  riser, 
and  that  the  upper  part  of  the  condenser  was  plugged  with  air  and 
uncondensible  gases;  hence  whether  the  valve  was  opened  or  closed, 
it  would  not  make  a whole  lot  of  difference.  I have  no  figures  show- 
ing what  the  temperatures  of  the  return  bends  were. 

Fred  Ophuls. — I w'ould  like  to  see  some  figures  that  substan- 
tiate Mr.  Winborg’s  statement.  As  a matter  of  fact,  the  tempera- 
ture of  the  vapor  was  taken  and  it  was  still  superheated  when  it 
went  into  the  injector. 

Louis  Block, — It  is  hard  to  believe,  with  that  quantity  of  w'ater, 
that  the  gas  would  still  be  superheated  after  having  been  through 
two  pipes. 

A.  Winborg, — \Ve  obtained  something  like  40  per  cent  better 
results  under  those  conditions. 

V.  R.  H.  Greene. — -When  this  data  was  checked  up,  the  ammonia 
weighed,  the  brine  weighed  and  the  temperature  conditions  kept, 
we  obtained  results  that  checked  within  five  per  cent. 

A.  Winborg. — You  may  have  had  uncondensable  gases  in  your 
pipes. 

V.  R.  H.  Greene. — We  watched  that  pretty  closely. 

Mr.  Torrance. — I want  to  point  out  the  surfaces  per  ton  in 
Table  I,  13.1  tons  on  this  condenser  figures  10.4  square  feet  per  ton 
of  actual  refrigeration;  which  gives  a head  pressure  of  123.5  lbs. 
with  an  outlet  water  temperature  of  67  degrees  F.,  which  isn’t  bad; 
there  could  not  be  much  air  in  the  machine.  We  were  very  careful 
about  the  air,  which  we  blew  down  into  the  absorber. 

L.  Williams. — Have  you  any  definite  knowledge  whether  the 
amount  of  liquid  available  for  the  jet  was  amply  sufficient? 

V.  R.  H.  Greene. — No,  except  as  indicated  by  thermometers. 

L.  Williams. — I mean  the  liquid  receiver  from  which  the  jet 
draws  its  liquid;  if  liquid  were  not  sufficient  to  follow  up  the  jet 
action,  one  could  imagine  that  the  jet  would  have  an  intermittent 
action.  Was  there  any  means  of  getting  at  that? 

V.  R.  H.  Greene. — No,  there  is  not,  except  the  fact  that  we  had 
thermometers  on  both  sides  of  the  jet. 
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L.  Williams. — Was  your  liquid  receiver  more  than  the  capacity 
of  the  jet? 

V.  R.  //.  Greene. — We  had  three  liquid  receiv'ers;  a big  one 
at  the  outlet,  then  a weighing  receiver  and  a terminal  receiver. 

L.  Williams. — Was  it  not  possible  that  there  might  have  been 
a throttling  action  there?  The  jet  action  depends  on  the  orifice, 
and  its  continuous  operation  depends  on  the  liquid  being  able  to 
follow  the  gas  out  of  the  orifice.  There  must  have  been  some 
reason  for  the  difference  that,  as  I understand,  you  have  got  and 
others  are  getting,  and  it  just  occurred  to  me  that  it  may  be  possibly 
in  the  liquid  not  being  able  to  follow  up  and  feed  the  injector. 

V.  R.  H.  Greene. — You  recall  the  construction;  gas  enters  at 
the  bottom  of  three  pipes  and  then  passing  upward  strikes  the  jet 
then  goes  up  to  the  top  pipe  and  down  nine  pipes  to  feed  the  jet. 
At  the  eighth  pipe  is  the  outlet  to  the  liquid  receiver.  On  a single 
stand  we  carried  tonnages  as  high  as  40  tons,  and  the  quantity 
of  the  liquid  going  through  the  condenser  is  pretty  high  and  since 
we  have  only  a small  liquid  outlet  bleeder,  and  since  the  temperatures 
on  both  sides  of  the  jet  were  so  near  alike  there  is  no  indication 
that  hot  gas  was  blowing  through  the  jet. 

L.  Williams. — Even  if  that  were  the  case  and  the  jet  were 
working  intermittently,  your  thermometer  would  not  show  the 
intermittency  that  was  taking  place.  The  thermometer,  therefore, 
would  have  to  be  discounted;  there  must  be  some  difference;  others 
get  one  result  and  you  get  another  result. 

We  have  a gentleman  with  us  who  has  been  trying  an  entirely 
different  type  of  jet  to  any  of  these.  I refer  to  Mr.  Fairbanks. 
He  showed  me  a type  of  jet  on  a very  large  scale  which  he  is  testing 
and  in  that  jet  he  is  getting  a very  close  contact  between  the  liquid 
and  gas,  he  gets  them  well  mixed  up,  and  if  he  can  give  us  any  results, 
it  might  throw  light  on  some  of  the  differences  which  have  cropped 
out. 

V.  R.  H.  Greene. — I would  like  to  have  his  views. 

G.  T.  Voorhees. — Professor  Reed  made  a suggestion  which  may 
possibly  give  light  on  the  whole  question.  The  suggestion  was  what 
was  the  temperature  of  the  liquid  ammonia  when  it  came  in  contact 
with  the  jet.  It  would  look  quite  evident  that  if  the  temperature 
of  that  liquid  ammonia  was  not  below  the  condenser  temperature 
due  to  that  pressure,  you  would  have  lost  the  temperature  of  the 
injector.  It  seems  to  me  that  is  the  first  inkling  we  get  of  what 
pos.sibly  might  be  the  trouble. 

Fred  Ophuls. — How  could  the  liquid  exist  under  that  pressure? 

G.  T.  Voorhees. — It  can  exist  at  any  temperature  below  that 
due  to  its  pressure,  if  you  cool  it. 

Mr.  Torrance. — In  other  words,  in  order  that  the  injector 
should  work,  the  liquid  must  be  under-cooled. 

President  Doelling. — The  vapor  or  gas  is  condensed  when  it 
meets  the  liquid  from  the  injector,  but  wdll  it  make  an  emulsion? 
You  cannot  inject  too  much  liquid  at  one  time.  If  you  want  to  get 
a quick  condensation,  a special  apparatus  must  be  built  and  that 
apparatus  must  be  very  long.  The  principle  of  the  jet  apparatus 
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is  that  the  gas  or  vapor  is  condensed  at  the  smallest  point,  at  the 
throat.  If  that  distance  is  not  long  enough  or  if  the  amount  of 
gas  is  too  great  in  comparison  to  the  quantity  of  liquid,  then  it 
cannot  be  condensed.  You  must  then  make  an  apparatus  that  is 
long  and  it  must  bring  in  the  liquid  in  a number  of  places  to  condense 
the  vapor,  just  as  you  do  in  an  ejector  condenser. 

L.  Williams. — A number  of  jets  give  a better  emulsion  than  a 
single  jet. 

President  Doelling. — It  takes  a certain  time,  which  is  an  element 
that  comes  in  everywhere. 

L.  Williams. — Obviously,  if  there  were  any  shortage  of  liquid, 
the  inefficient  jet  would  be  more  of  a handicap  still. 

President  Doelling. — The  injector  shown  is  a very  poor  injector 
as  a jet  apparatus;  this  apparatus,  as  far  as  I see,  works  only  by 
impact  like  an  air  pump;  it  pushes  the  gas  ahead;  I don’t  think 
this  device  ever  works  as  an  injector. 

L.  Williams. — You  lift  the  liquid,  apparently. 

Fred  Ophuls. — The  liquid  comes  down  by  gravity;  it  don’t  have 
to  be  lifted.  The  condenser  is  so  constructed  that  it  cannot  help 
being  flooded  all  the  time.  The  liquid  naturally  goes  into  the  in- 
jector first,  before  it  ever  gets  into  the  receiver. 

G.  T.  Voorhees. — I do  not  believe  you  have  an  injector;  you 
have  an  ejector,  which  is  a very  different  proposition.  If  the 
opening  in  the  throat  is  smaller  than  the  nozzle  you  have  an  in- 
jector, if  it  is  larger  you  have  an  ejector. 

Mr.  Torrance. — The  gas  enters  the  bottom  of  the  coil  and  goes 
up  through  two  pipes  at  the  bottom  and  through  the  injector  and 
meets  the  liquid  which  drains  down  from  the  top  where  it  draws 
in  the  liquid  and  carries  it  to  the  top  of  the  coil.  The  injector  is 
j>eculiarly  constructed  with  a nozzle  and  combining  tube  and  the 
diameter  inside  at  the  smallest  gas  opening  is  three  quarters  of  an 
inch  and  it  then  flares  out  to  about  seven  eighths  of  an  inch.  The 
liquid  comes  down  all  around  the  nozzle. 

Louis  Block. — How  did  you  know  that  you  got  any  liquid  at 
the  point  of  the  injector? 

Mr.  Torrance. — I do  not  know;  I don’t  think  anybody  knows. 

Fred  Ophuls. — A thermometer  was  placed  there. 

Louis  Block. — The  thermometer  would  not  tell  you  whether 
there  was  any  liquid. 

President  Doelling. — There  could  not  be  a vacuum,  something 
must  be  there. 

G.  T.  Voorhees. — What  was  the  temperature  of  the  liquid  at 
the  injector? 

V.  R.  H.  Greene. — Practically  the  same  as  the  temperature  of 
the  liquid  at  the  outlet. 

Mr.  Torrance. — I do  not  believe  that  much  vapor  condenses 
at  the  injector. 

V.  R.  H.  Greene. — You  could  never  get  the  liquid  at  the  in- 
jector undercooled  enough  to  have  the  sensible  heat  of  the  liquid 
take  out  any  latent  heat. 

Mr.  Torrance. — I figure  roughly  that  in  order  to  have  the  cold 
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liquid  condense  gas  at  the  injector,  that  the  liquid  would  have  to 
circulate  through  the  coil  at  the  rate  of  over  100  gallons  a minute, 
which  is  much  more  than  the  coil  could  handle,  so  it  is  absolutely 
out  of  the  question  to  have  all  the  vapor  condense  at  the  injector. 

G.  T.  Voorhees. — I mean  that  it  must  be  below  the  condensing 
temperature  at  the  injector  in  order  to  be  effective. 

F.  L.  Fairbanks. — I think  it  would  be  hardly  wise  to  inject 
anything  into  this  discussion  at  this  time,  but  I would  like  to  see 
this  discussion  go  on  as  it  is  going  with  a view  to  settling  the  question 
of  the  comparative  efficiency  of  the  flooded  type  condenser  as 
compared  with  the  older,  or  dry  type. 

The  condenser  to  which  Mr.  Williams  refers,  which  I have  de- 
signed and  have  been  experimenting  with,  is  of  the  jet  type,  in  which 
the  principles  of  the  well  known  jet  steam  condenser  are  utilized. 
This  consists  mainly  of  mingling  directly  and  intimately  a shower 
of  liquid  and  the  gas  or  steam  to  be  condensed.  This  jet  condenser 
for  ammonia  was  designed  for  a capacity  of  1,000  tons  in  24  hours, 
and  is  only  24  inches  in  diameter  and  about  six  feet  high  over  all, 
requiring  for  its  installation  an  exceptionally  small  space.  The 
cool  anhydrous  ammonia  from  the  liquid  coolers  is  pumped  to  the 
liquid  jet  in  the  condenser  by  a large  aqua  ammonia  pump  driven 
by  steam,  making  it  possible  to  spray  through  a special  nozzle 
into  the  gas,  coming  from  the  compressors,  1 to  600  gallons  per 
minute  of  the  liquid.  The  gas  and  liquid  are  then  brought  more 
intimately  into  contact  with  each  other  by  a series  of  baffles,  and  the 
resultant  condensate  flows  by  gravity  through  liquid  coolers,  which 
brings  it  down  to  within  three  tofive  degrees  of  the  condensing  water. 
From  the  liquid  coolers  it  flows  by  gravity  to  the  ammonia  pump 
and  thence  to  the  jet  of  the  condenser  again. 

The  gas  from  the  compressors  flows  into  the  top  of  the  condenser 
through  a 12  inch  header  and  there  are  12  thermometers 
tapped  into  the  condenser  so  that  the  temperature  is  indicated  very 
accurately,  both  before  and  after  the  gas  and  liquid  are  mingled. 
The  condenser  is  so  located  on  the  gas  header  that  it  is  only  necessary 
to  shut  off  the  liquid  jet  to  make  it  merely  a fitting  through  which 
the  gas  flows  to  the  liquid  coolers  and,  while  condensation  is  taking 
place  in  the  shell  condensers  in  the  regular  way,  it  is  only  necessary 
to  start  the  pump  on  the  liquid  jet  to  turn  the  system  into  a jet 
condenser,  and  the  condensers  into  liquid  coolers.  This  makes  it 
easily  possible  to  determine  under  what  conditions  the  jet  of  liquid 
is  of  added  value  or  a detriment  to  condensation.  The  gas  flowing 
to  the  condenser  under  testing  conditions  averaged  about  175  degrees 
and  the  thermometers  indicated  that  with  a small  amount  of  liquid 
spray  the  superheat  disappeared  instantly,  or  at  least  in  the  18 
inch  distance  between  thermometers.  When  the  amount  of  liquid 
was  increased  to  the  maximu.m,  the  only  result  in  every  case  was  to 
raise  the  condenser  pressure  from  5 to  1 0 lbs.  in  addition  to  the  pres- 
sure shown  when  condensing  by  the  normal  method,  without  the 
liquid  jet.  This  experiment  was  repeated  a great  number  of  times 
and  always  with  the  same  result,  which  result  while  apparently 
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paradoxical  was  found  after  careful  examination  to  follow  natural 
laws  and  consequently  was  logical. 

We  based  the  design  of  this  jet  condenser  upon  pure  theory, 
in  so  far  as  we  could  anticipate,  and  we  expected  that  it  was  going 
to  revolutionize  ammonia  condensation,  but  like  a^reat  many  other 
revolutionary  devices  in  the  refrigerating  field  it  did  not  revolu- 
tionize and  that  is  the  reason  that  we  have  not  told  you  of  this  before. 
The  introduction  of  the  liquid  into  a condensing  gas  under  certain 
•conditions  retards  rather  than  facilitates  condensation  and  conse- 
quently raises  the  condenser  pressure.  In  my  opinion  such  condi- 
tions are  present  in  the  flooded  type  of  condenser  under  discussion 
and  this  accounts  for  the  contention  of  Mr.  Torrance,  that  it  is 
more  efficient  without  the  liquid  jet  than  with  it. 

Mr.  T orrance.  * — It  must  be  remembered  that  the  above  men- 
tioned tests  were  made  consecutively  on  the  same  apparatus.  If 
air  were  present  it  would  affect  both  sets  of  experiments  equally. 
Furthermore,  after  switching  the  valves,  so  that  the  condenser 
was  operated  on  the  injector  method,  the  head  pressure  never 
dropped,  hence  the  results  obtained  appear  conclusive. 

The  writer  believes  the  theory  of  condensation  mentioned  in 
the  paper  to  be  correct,  that  is,  a “flooded”  brine  cooler  is  correct 
in  practice  and  theory,  but  a “flooded”  condenser  is  incorrect  in 
practice  and  theory. 

Mr.  Greene’s  theory  regarding  the  heat  transmission  is  interest- 
ing, but  we  must  con.sider  it  merely  as  a theory.  The  calculation 
as  to  the  velocity  of  the  vapor  through  the  empty  coil.  Table  II, 
is  doubtless  correct,  but  to  prove  its  application  to  the  flooded 
condenser  we  should  build  a condenser  of  glass,  so  as  to  observe 
and  measure  the  shape  and  quantity  of  liquid  that  is  drawn,  sus- 
pended, dragged,  or  somehow  maintained  in  the  various  parts  of 
the  coil. 

It  has  been  claimed  that  the  flooded  condenser  is  the  greatest 
improvement  made  in  the  refrigerating  industry  in  recent  years, 
but  these  tests  and  those  made  a year  ago  indicate  that  this  is  not 
true.  Now  let  someone  else  make  comparative  tests  on  similar 
apparatus,  and,  if  they  think  they  can  prove  that  “flooding”  is  a 
benefit,  then  let  this  Society  appoint  a committee  to  investigate 
and  report.  Even  if  the  cost  is  considerable,  it  will  be  worth 
while  to  fulfil  our  obligation  to  the  industry. 
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Rxi'Ekimfnts  on  the  Rate  of  Heat  Transfer  from  a Hot  Gas  to  a Cooler 

Metaixic  Surface,  liabcock  & Wilcox  Company,  New  York,  N.  Y. 

The  experiments  described  in  this  book  arc  of  exceptional  interest  to  re- 
frigerating engineers,  not  only  on  account  of  the  final  results  obtained,  but 
also  on  account  of  the  great  care  observed  in  eliminating  the  causes  of  error  in 
the  observations  made  and  results  calculated  from  them  and  the  manner  in 
which  the  theory  of  heat  transfer  as  at  present  known  is  used  to  analyze  the 
results  obtained. 

The  phenomena  of  heat  transfer  arc  of  great  importance  in  the  practical 
applications  of  mechanical  refrigeration.  The  various  papers  presented  be- 
fore the  Society  in  the  last  few  years  dealing  with  this  subject  show  that  re- 
liable data  either  from  a theoretical  aspect  or  from  a practical  point  of  view  as 
expressed  by  empirical  formulae  determined  from  actual  experiments  is  not 
available.  This  lack'  of  knowledge  must  have  retarded  to  some  extent  the 
development  towards  greater  efficiency  of  the  apparatus  used  for  the  transfer 
of  heat. 

When  conducting  experiments  to  determine  the  rate  of  heat  transfer  be- 
tween two  fluids  it  is  necessary  to  determine  first  which  one  of  the  fluids,  when 
varying  the  quantity  used  within  the  range  of  good  practice,  will  affect  the  rate 
of  heat  transfer  to  the  greatest  degree.  In  the  case  of  properly  designed  steam 
boilers  the  circulation  of  the  water  evaporating  is  such  that,  as  determined  by 
the  Babcock  & Wilcox  Co.,  even  a considerable  variation  in  the  quantity  of 
water  circulated  will  not  affect  the  temperature  of  the  metallic  heat  trans- 
mitting surfaces  sufficiently  to  have  a marked  effect  on  the  rate  of  heat  transfer 
of  the  boiler  as  a whole.  The  experiments  made  by  them  and  described  under 
the  above  heading  for  this  reason  are  based  on  the  rate  of  heat  transfer  from  the 
hot  gases  to  the  cooler  metallic  surfaces  only. 

Even  in  the  case  of  boilers  a construction  may  be  devised  which  will  bring 
the  hot  gases  into  such  intimate  contact  with  the  boiler  surfaces  that  these 
surfaces  will  have  nearly  the  temperature  of  the  hot  gases.  A practical  example 
of  such  a de.sign  is  the  flash  boiler  used  to  some  extent  in  the  automobile  industry. 
The  steaming  quality  of  a flash  boiler  does  not  alone  depend  upon  the  rate 
with  which  heat  is  transferred  from  the  hot  gases  to  the  metallic  surfaces  but 
also  on  the  facility  with  which  the  water  and  steam  can  absorb  this  heat. 

That  the  laws  governing  the  rale  of  heat  transfer  in  the  heat  absorbing 
apparatus  most  commonly  used  in  the  refrigerating  industry  are  not  of  the  same 
character  as  those  pertaining  to  the  operation  of  water  tube  or  of  fire  tube 
boilers  can  be  readily  seen  I)y  the  study  of  the  flow  of  the  brine  and  the  ammonia 
in  a typical  can  ice  making  tank  equipped  with  vertical  brine  cooling  coils. 
If  each  of  the  coils  is  fed  by  a separate  expansion  valve  the  ammonia  will  enter 
the  bottom  pipe  partly  as  liquid  and  partly  as  vapor.  As  the  ammonia  proceeds 
up  through  the  coils  more  and  more  of  the  liquid  will  evaporate  until  at  the 
outlet  ends  only  ammonia  vapor  issues.  On  account  of  the  preponderance 
of  liquid  ammonia  in  the  lower  pipes  of  the  coils  it  is  fair  to  assume  that  the  met- 
allic surfaces  in  that  part  of  the  coils  will  be  very  close  to  the  temperature  of  the 
liquid  ammonia.  The  quantity  of  brine  coming  in  contact  with  these  surfaces 
would  therefore  aflfect  the  rate  of  heat  transfer  more  than  would  an  increase 
in  the  weight  of  ammonia  circulated.  This  .statement  is  borne  out  by  the  facts 
as  gathered  from  existing  plants.  Whereas  most  can  ice  making  tanks  formerly 
installed  were  designed  to  produce  their  guaranteed  capacity  with  a mean 
temijerature  difference  of  15®  and  sometimes  more  degrees  K.  difference  be- 
tween the  average  brine  temperature  in  the  tank  and  the  average  boiling 
point  of  the  ammonia  in  the  coils,  best  practice  to-day  requires  that  this  dif- 
ference docs  not  exceed  5°  F.;  even  3°  F.  can  be  readily  and  economically  ob- 
tained. This  change  in  the  mean  temperature  difference  required  is  entirely 
obtained  by  increasing  the  quantity  of  the  brine  that  comes  in  contact  with  the 
lower  pipes  of  the  cooling  coils. 

For  the  upper  pipes,  in  which  the  ammonia  vapor  preponderates,  an  increase 
in  the  quantity  of  ammonia  passing  the  cooling  surfaces  is  again  of  greater  im- 
portance than  an  increase  in  the  quantity  of  brine. 
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It  is  the  lack  of  importance  placed  on  a thorough  knowledge  of  the  factors 
that  determine  an  increase  in  the  rate  of  heat  transfer,  which  has  been  the 
cause  of  the  many  failures  to  obtain  the  guaranteed  ice  output  where  standard 
brine  coil  equipments  with  separate  expansion  valves  for  each  coil  were  changed 
to  the  so-called  “flooded  type”  with  one  or  two  expansion  valves  for  the  whole 
tank. 

The  above  may  be  briefly  summarized  as  follows: 

The  rate  of  heat  transfer  between  two  fluids  separated  by  a metallic 
pixftition  and  exchanging  heat  can  be  increased  by  bringing  in  contact  with 
the  heat  transmitting  surfaces  a greater  weight  of  the  fluid  whose  average 
temperature  differs  most  from  the  temperature  of  the  metallic  surfaces  of  the 
partition  separating  them.  The  relation  of  the  two  fluids  to  the  rate  of  heat 
transfer  may  change  in  any  particular  apparatus  in  case  either  one  or  both  of 
the  fluids  are  liquids  being  evaporated  or  vapors  being  condensed,  or  it  may  be 
that,  in  some  part  of  the  apparatus,  they  may,  through  partial  change  of  state 
or  otherwise,  by  changing  the  w'eights  circulated  in  any  given  time,  together 
affect  the  rate  of  heat  transfer. 

The  purpose  of  the  tests  made  by  the  Babcock  & Wilcox  Co.,  as  stated 
in  the  introduction,  is  to  arrive  at  some  definite  conclusion  on  the  laws  governing 
heat  transfer.  The  experiments  of  H.  P.  Jordan  were  in  their  estimation  the 
most  reliable  of  w'hich  a record  existed  at  that  time,  but  the  method  used  by 
him  in  obtaining  some  of  the  data  used  to  arrive  at  his  results  are  qusetioned. 
The  empirical  formula  used  by  both  for  expressing  the  rate  of  heat  transfer  is 
the  following:  W 

R = a + b (1) 

A 

where  R = the  rate  of  heat  transfer  per  square  foot  per  hour  per  1°  F.  mean 
temperature  difference. 

W = the  w'eight  of  gas  passing  through  the  absorbing  surface  per  hour. 

A = area  of  the  section  of  the  channel  through  which  the  gas  passes, 
in  square  feet,  a and  b were  determined  by  experiment. 

From  carefully  conducted  boiler  tests  the  Babcock  & Wilcox  Co.  found 
for  the  average  transfer  rate  with  their  boilers 

a in’(l)  = and  b = 0.0014,  while  Jordan  from  his  experiments  found 
a = 5.4  and  b = 0.000506  - 0.00045r  -f  0.00000083  (T  + /),  where  r = the 
area  of  channel  divided  by  the  circumference  in  inches. 

T = the  mean  temperature  of  the  gas,  °F. 

t = temperature  difference  of  the  absorbing  surface. 

The  main  objection  raised  by  the  Babcock  & Wilcox  Co.  to  the  experi- 
ments made  by  Jordan  was  the  method  he  used  for  finding  at  any  point  of  the 
experimental  apparatus  the  mean  temperature  of  the  gas.  Jordan  led  part 
of  the  gas  away  from  the  apparatus  at  various  points  to  determine  its  average 
temperature,  specific  heat,  etc.  This  method  is  objected  to  on  the  ground 
that  by  so  doing  the  flow  of  the  gas  through  the  apparatus  is  disturbed,  causing 
a condtion  in  the  apparatus  that  would  not  exist  if  all  the  gas  were  allowed 
to  flow  from  one  end  of  the  apparatus  to  the  other. 

The  method  used  by  the  Babcock  & Wilcox  Co.  was  to  determine  the  heat 
given  up  by  the  gas  to  the  surrounding  water  and  from  this  arrive  at  the  average 
temperature  of  the  gas  at  successive  points  of  the  apparatus,  starting  with  a 
known  measured  average  temperature  of  the  gas  where  it  leaves  the  transfer 
tube  and  determining  its  analysis,  the  weight  flowing  through  the  apparatus 
per  hour  and  its  average  specific  heat  at  the  various  points  of  the  apparatus 
where  the  measurements  were  taken.  The  knowledge  of  the  specific  heats  of 
nitrogen,  carbon  dioxide  and  water  vapor  as  contained  experimentally  by  Hol- 
born  and  Henning  were  taken  as  the  basis  of  these  calculations. 

The  description  of  the  experimental  apparatus  is  given  in  great  detail. 
It  is  sufficient  to  say  here  that  the  heat  transfer  tube  used  was  a 20-foot  copper 
pipe  of  2-inch  internal  diameter  surrounded  by  twenty  individual  water  jackets 
each  about  one  foot  long.  An  illuminating  gas  furnace  supplied  the  heated 
gases.  The  gases  were  drawn  through  the  tube  by  an  exhauster.  After  pa.ssing 
through  the  transfer  tube,  the  gases  passed  through  a cooler,  then  a dewpoint 
box,  an  equalizing  chamber  and  then  to  the  exhauster. 
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The  dewpoint  box  was  used  to  determine  the  density  of  the  water  vapor 
in  the  gases.  This,  together  with  the  analyses  of  the  gases,  and  the  temperature 
of  the  gases  entering  and  leaving  the  cooler,  the  mean  sepcific  heat  of  the  gases 
through  the  cooler,  can  be  calculated.  This,  taken  together  with  the  heat 
absorbed  by  the  water  passing  through  the  cooler , made  it  possible  to  arrive  at 
the  weight  of  gases  passing  through  the  apparatus  in  a given  time.  Knowing 
the  weight  of  the  gases,  the  heat  absorbed  in  jacket  No.  20,  the  last  jacket, 
and  the  temperature  of  the  gases  leaving  this  jacket,  and  taking  the  instan- 
taneous specific  heat  of  the  gases  from  jacket  No.  20  as  the  mean  specific  heat 
of  the  gases  in  jacket  No.  20,  the  temperature  of  the  gases  entering  jacket  No. 
20  and  leaving  No.  19  was  calculated.  This  method  was  used  in  providing  the 
temperature  of  the  gases  at  the  entrance  to  and  exits  from  each  of  the  20  jackets. 

The  temperature  of  the  metal  surfaces  of  the  transfer  tube  where  measured 
by  means  of  thermo-electric  couples  in  the  center  of  some  of  the  jackets. 

The  heated  water  supply  to  the  jackets  was  driven  from  a large  cylindrical 
tank  suspended  above  the  transfer  tube.  This  apparatus  was  so  constructed 
that  it  was  possible  to  furnish  each  jacket  with  the  proper  quantity  of  water, 
and  at  a uniform  temperature,  not  to  vary  more  than  one  degree  to  any  of  the 
jackets.  The  quantity  of  water  u.sed  in  each  jacket  was  varied  so  that  the  out- 
let water  temperatures  from  all  the  jackets  was  practically  the  same  To  pre- 
vent heat  passing  from  one  adjacent  jacket  to  the  other  the  water  inlets  to 
jackets  Nos.  1 and  2 were  placed  adjacent  to  each  other;  the  water  outlets  of 
jackets  Nos.  2 and  3 were  placed  adjacent  to  each  other  and  so  on. 

The  jacket  water  was  weighed  through  6-minute  intervals,  which  was  also 
the  length  of  each  test. 

The  equalizing  chamber  was  installed  between  the  dewpoint  box  and  the 
exhauster,  to  prevent  fluctuations  in  pressure  caused  by  the  exhauster  from 
effecting  the  flow  of  the  gas  in  the  transfer  tube. 

Preliminary  experiments,  covering  a period  of  over  three  months,  were 
conducted  with  a view  of  obtaining  a full  knowledge  of  the  apparatus. 

On  test  days  the  apparatus  was  operated  the  whole  day,  the  morning  period 
being  used  to  adjust  the  apparatus  to  bring  about  steady  conditions. 

The  data  used  for  the  final  computations  was  taken  in  the  afternoon  and 
each  reading  was  taken  independently  by  two  observers  as  a check. 

To  obtain  the  radiation  losses  from  the  apparatus  the  transfer  tube  was 
sealed  and  the  temperature  loss  in  the  jacket  water  observed,  as  well  as  the 
quantity  flowing  through  them. 

The  metal  temperatures  were  taken  by  thermo-electric  couples,  carefully 
calibrated.  A complete  account  of  this  work  is  given  in  every  detail.  The  final 
formula  deduced  for  determining  the  metal  temperature  at  the  ends  of  each 
j acket  was  as  follows:  H\ 

/i  = r,  -f  A r = Ti  + (5) 

49  + 0.253  W 

where  6 = the  metal  temperature  at  the  end  of  the  jacket. 

Ti  = inlet  temperature  of  water  to  a jacket, 

ATi  = difference  in  temperature  between  metal  and  circulating  water, 

III  = the  B.t.u.  absorbed  per  jacket  per  hour,  corrected  for  radiation, 
W = weight  of  water  circulated  through  the  jacket  in  pounds  per  hour. 

Careful  analy.ses  was  made  of  the  computations  to  detect  and  correct 
errors  and  to  obtain  checks  on  recorded  data  and  computed  results.  The 
method  used  is  given  in  detail. 

On  account  of  the  manner  in  which  the  tests  were  conducted  it  was  po.ssible 
to  check  by  means  of  curves  the  heats  absorbed  in  each  jacket  during  any  one 
experiment.  It  was  found  that  when  plotting  the  number  of  jackets  against 
the  logarithms  of  the  heat  absorbed  in  the  jackets  a straight  line  curve  resulted, 
from  which  if  any  point  varied  a proper  correction  could  be  made  using  the 
following  formula: 

logKt  7/x  = fl  + bx  + cx"  (6) 

where  //*  = the  heat  absorbed  in  one  jacket  per  hour  without  radiation  cor- 
rection. 

X = the  number  of  jackets  beginning  at  the  furnace  end 
a,  b and  c are  constants  to  be  determined  by  the  method  of  least 
squares. 
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To  arrive  at  the  transfer  rate  approximately  for  use  in  connection  with 
the  final  formula  the  following  ecpiation  was  used: 

II 

R = (7) 

* (7m  — / m ) S 

where  R = the  transfer  rate, 

II  = the  heat  absorbed. 

Tm  = the  mean  temperature  of  the  gases. 

Im  = the  mean  temperature  of  the  metal. 

5 = the  surface  of  the  jacket  in  square  feet. 

The  value  so  obtained  was  used  in  connection  with  the  second  part  of  the 
final  equation  for  the  transfer  rate: 


U’C 


— {/. 

■ /?) 

w c 

R = logf 

RS 

U'C 

S 

Tz—h 

— (b 

-U) 

RS 

where  R = the  heat  transfer  rate  in  B.t.u.  per  hour  per  one  degree  difference 
in  temperature  per  square  foot  of  heating  surface. 
ti  = temperature  of  metal  at  hot  end  of  jacket. 
t2  = temperature  of  metal  at  cold  end  of  jacket. 

Ti  = gas  temperature  at  hot  end  of  jacket. 

I\  = gas  temperature  at  cold  end  of  jacket. 
w = weight  of  ga.ses  flowing  through  pipe  in  i)ounds  per  hour. 
c = specific  heat  of  gases. 

S = surface  of  jacket  in  square  feet. 

The  value  of  R so  obtained  was  again  substituted  in  the  equation  and  this 
operation  continued  until  the  value  of  R did  not  change  for  three  decimal  places. 

A detailed  account  is  then  given  with  examples  of  the  manner  in  which 
the  gas  weights  were  determined. 

Finally  the  w’eights  of  gases  per  square  foot  of  flue  area  per  hour  for  con- 
stant temperature  differences  were  plotted  against  the  heat  transfer  rate  and 
a family  of  curves  obtained,  all  of  which  very  closely  approximate  straight  lines 
of  the  general  equation: 

W 

R = a b (1) 

A 

Supplementary  experiments  were  made  by  inserting  a 1-inch  outside 
diameter  pipe  inside  of  the  2-inch  transfer  tube.  The  results  of  these  tests 
can  also  be  approximated  by  formula  (1),  but  the  transfer  rates  is  greater  for 
the  same  gas  weight  and  temperature  difference. 

In  the  discussion  of  the  results  it  is  pointed  out  that  the  points  for  plotting 
the  final  curve  were  taken  from  tests  made  on  different  days,  under  unavoid- 
ably different  conditions  and  still  show  the  desired  uniformity. 

It  is  further  apparent  from  the  final  curves  of  heat  transfer  and  rates  of 
gas  flow  for  constant  temperature  difference  that,  while  to  a very  close  approxi- 
mation, equation  (1)  holds,  as  a matter  of  fact,  the  line  represented  by  this 
equation  is  a .secant  or  a tangent  to  a curve  which  bends  from  the  line  in  both 
directions.  The  additional  conclusion  arrived  at  is  that  in  case  the  actual 
design  of  a boiler  varies  to  a great  extent  from  the  construction  adopted  for 
the  experimental  plant,  as  far  as  shape  of  heat  transmitting  surface,  gas  passage, 
etc.,  is  concerned  the  constant  a in  formula  (1)  would  vary  considerably.  This 
is  borne  out  by  the  supplementary  experiments  w'ith  the  core  tube,  where  a 
is  approximately  equal  to  2.o,  while  for  the  transfer  tube  without  the  core  a 
is  equal  to  2.1. 

To  anyone  interested  in  the  .subject  of  heat  transfer  and  to  those  who 
wish  to  conduct  experiments  in  connection  with  this  subject,  the  material  in 
this  book  is  of  exceptional  value,  particularly  if  carefully  studied  in  connection 
with  the  chapter  on  heat  transfer  in  the  35th  edition  of  “Steam”  hereinbefore 
referred  to.  It  is  hoped  that  this  work  will  encourage  other  manufacturers 
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of  heat  transfer  apparatus  to  submit  their  designs  to  as  close  a study  as  the 
Babcock  & Wilcox  Co.  have  found  it  necessary  and  profitable  to  do  in  con- 
nection with  the  boilers  manufactured  by  them.  The  material  publi.shed 
forms  a valuable  addition  to  the  existing  engineering  data. — Fred  Ophuls, 
Reviewer. 


HANDLING  AND  SHIPPING  OF  CITRUS  FRUITS 

Handling  and  Shipping  Citrus  Fruits  in  the  Gulf  States.  By.  H.  J. 

Ramsey.  Farmer’s  Bulletin  696,  November  10,  1915.  United  States 

Department  of  Agriculture,  Washington,  D.  C.  2Spp.  10  figs. 

In  this  bulletin  the  necessity  for  very  careful  handling  of  oranges  and  other 
citrus  fruit  is  emphasized,  this  being  absolutely  essential  in  the  financially 
successful  conduct  of  the  business  of  fruit  growing.  It  is  not  sufficient  to 
grow  attractive  fruit,  it  must  be  so  harvested  and  handled  as  to  minimize  the 
losses  from  decay  in  transportation  and  at  the  markets.  Only  sound  fruit 
brings  the  highest  price. 

The  causes  of  decay  in  transit  and  after  delivery  are  explained.  Ninety- 
five  per  cent  of  the  decay  in  fruit  is  caused  by  mechanical  injury  which  can  large- 
ly be  prevented  by  the  grower  and  shipper.  In  order  to  show  what  constitutes 
careful  handling,  the  various  harvesting  operations  are  discussed  separately, 
and  in  great  detail.  It  is  stated  that  co-operative  and  marketing  organizations 
to  secure  the  best  results  have  found  it  advisable  to  take  over  and  assume 
full  responsibility  for  the  field  handling  of  their  growers,  employing  trained 
crews  to  do  the  picking. 

The  packing  house  is  usually  located  near  a railroad,  to  minimize  handling. 
The  fruit  should  not  be  subjected  to  any  drops  or  jars,  and  kept  on  one  level 
as  much  as  possible.  Belt  conveyors  for  the  fruit  boxes  are  extensively  used. 
Two  story  buildings  are  to  be  preferred. 

In  many  sections  it  appears  to  be  necessary  to  wash  and  clean  the  fruit 
prior  to  packing  to  remove  the  sooty-mold  fungus  which  follows  the  attacks 
of  the  white  fly  and  other  insects.  Washing  the  fruit  in  water  and  drying 
it  by  the  means  available  are  the  most  difficult  operations  the  fruit  has  to 
undergo,  because  too  long  soaking  or  insufficient  drying  under  unfavorable 
climatic  conditions  is  conducive  to  the  growth  of  germs  which  soon  spoil  the 
fruit.  In  drying  the  fruit  is  exposed  to  a current  of  air,  ordinary  or  heated. 
In  this  work  there  seems  to  be  room  for  improvement.  Drying  by  means  of 
refrigerated  (nearly  moisture-free)  air  does  not  appear  to  have  been  tried. 

CoiLsiderable  space  is  given  over  to  the  questions  of  grading,  sizing  and 
packing.  Boxes  measure  outside  about  12J^  by  12)^  by  27  inches,  and  contain 
a space  of  2 cubic  feet,  filled  with  80  oranges  of  4|-  inch  diameter  to  324  fruit 
2 inches  diameter;  average  176  fruit  of  2^-  inch  diameter  Boxes  are  usually 
loaded  on  end  two  tiers  high  into  cars  for  shipment.  Common  loads  contain 
3(M),  330  or  360  boxes  per  car.  Curing  or  holding  the  fruit  a few  days  prior  to 
packing  with  the  expectation  of  throwing  out  fruit  predisposed  to  decay,  is 
not  justified  by  the  results.  All  fruit  except  lemons  should  be  shipped  as  soon 
as  possible  after  removal  from  the  tree. 

refrigeration  precooling 

Up  to  within  a few  years  practically  none  of  the  citrus  fruit  shipments 
from  Florida  were  carried  under  refrigeration,  because  most  of  the  crop  is 
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moved  during  the  winter  months.  To  guard  against  freezing  the  fruit  is  now 
transported  in  refrigerator  cars  with  ventilation  or  refrigeration. 

During  the  warmer  periods  and  when  decay  is  heavy,  iced  refrigerator 
cars  are  used,  the  cost  of  this  icing  being  more  than  offset  by  the  better  condition 
of  the  fruit  upon  arrival  at  destination.  It  is  pointed  out  that  car  icing  does  not 
offset  the  effects  of  rough  handling,  and  that  with  sufficiently  careful  methods 
fruit  can  be  satisfactorily  delivered  merely  under  ventilation.  Besides  in  iced 
cars  it  takes  five  to  seven  days  to  lower  the  temperature  of  the  fruit.  During 
this  time  the  germination  and  growth  of  blue-mold  under  very  favorable 
moisture  conditions  occurs  and  largely  nullifies  the  effect  of  this  sort  of  refrig- 
erat  ion. 

Precooling  prior  to  shipment  appears  to  be  much  more  advantageous 
than  ice  refrigeration  during  transit.  In  this  way  the  fruit  can  be  promptly 
cooled  down  to  about  40  degrees  Fah.  and  decay  largely  arrested.  In  the 
Gulf  States  precooling  was  introduced  only  in  the  season  of  1913-14.  During 
two  seasons  the  Department  of  Agriculture  has  conducted  extensive  and  careful 
investigations  of  the  advantages  resulting  from  precooling  of  Florida  oranges, 
and  found  it  to  be  a valuable  aid  to  careful  handling  in  insuring  sound  condition 
of  fruit  on  arrival  and  for  a period  of  about  ten  days  thereafter.  In  fact,  pre- 
cooling makes  it  possible  to  place  on  the  market  .sound  oranges  throughout 
the  shipping  season,  and  requiring  during  the  greater  part  of  the  season  initial 
icing  only,  and  during  about  three  months  the  precooling  alone  is  sufficient 
to  insure  safe  transit.  The  combined  cost  of  precooling  and  initial  icing  is 
declared  to  be  considerably  below  the  cost  of  full  refrigeration,  that  is,  initial 
plus  periodical  reicing. 

Of  the  two  methods  of  prccooling,  the  car  and  the  warehouse  method,  the 
warehouse  method  is  more  economical,  because  in  this  the  loss  of  refrigeration 
is  less,  and  the  fruit  is  subjected  to  cooling  sooner  than  in  the  case  of  the  car 
which  must  wait  until  loaded  and  moved  to  the  precooling  plant.  For  small 
installations  and  where  ice  can  be  had  at  low  cost,  the  ice  and  salt  method 
for  producing  chilled  air  is  advised,  otherwise  the  more  expensive  ammonia 
refrigerating  plants  must  be  used. 

No  oranges  or  grapefruit  are  held  in  cold  storage  in  the  producing  districts, 
but  at  the  market  end  this  is  frequently  done.  Oranges  should  be  stored  at 
38  to  40  degrees;  lemons  at  about  42  degrees,  and  grapefruit  at  45  to  50  degrees 
Fah.  Oranges  take  on  a brown  stain  in  storage,  and  besides  are  just  as  sus- 
ceptible to  .serious  spotting  due  to  attacks  of  Colletotrichum,  a disease,  as  are 
grapefruit  and  lemons,  especially  at  temperatures  down  to  32  degrees.  Ac- 
cordingly successful  storage  is  limited  to  4 to  6 weeks,  or  9 weeks  at  the  best. 
Frequent  inspection  is  necessary  to  remove  fruit  showing  signs  of  spotting. 


THAWING  FROZEN  PIPES 

Portable  Equipment  for  Thawing  Frozen  Pipes.  Electrical  World,  Vol. 
07.  No.  12,  March  18,  1910. 

A gasoline  engine  directly  connected  to  a low-voltage  direct-current 
generator,  a switchboard,  and  a reel  of  cable  assembled  on  a small  truck 
make  up  an  outfit  that  is  being  effectively  used  by  the  water-works  depart- 
ment of  the  city  of  St.  Paul,  Minn.,  to  thaw  out  frozen  water  pipes.  The 
generator  is  rated  at  20  kilowatts  at  40  volts,  and  is  driven  by  a four-cylin- 
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der,  four-stroke-cycle  gasoline  engine.  A voltmeter,  an  ammeter,  a rheostat, 
and  a single-pole  knife  switch  of  500  ampere  rating  are  mounted  on  the 
switchboard.  The  reel  holds  500  feet  of  flexible  copper  cable  of  300,000-circ. 
mil.  cross-section  in  100-foot  lengths.  Each  length  is  fitted  with  terminal 
lugs.  The  various  parts  are  attached  to  a steel  frame,  which  is  mounted  on 
a 1.5-ton  trailer  hauled  by  a motor  truck.  The  mounting  is  temporary,  so- 
that  after  the  winter  season  the  thawing  unit  may  be  removed  and  the  trailer 
used  for  other  purposes. 

In  operation,  the  positive  terminal  of  the  generator  is  connected  through 
a section  of  the  cable  to  the  frozen  pipe  in  the  building  between  the  meter  and 
the  street  main  and  the  negative  terminal  to  the  nearest  outside  fire  hydrant, 
so  that  the  circuit  is  through  the  lead  or  iron  service  pipe  and  the  main  to  the 
hydrant.  After  the  cables  are  connected,  the  engine  is  started  and  the  voltage 
built  up  to  Ijetween  30  volts  and  40  volts,  when  the  main  swtich  is  closed.  A 
current  flow  of  about  250  amperes  is  maintained  for  two  or  three  minutes  and 
then  increased  to  350-500  amperes,  depending  upon  how  badly  the  pipe  is 
frozen.  Under  these  conditions  it  is  reported  that  the  service  line  has  been 
cleared  in  all  cases  within  ten  minutes. 


ECONOMY  OF  ICE  PLANTS  OPERATED  FROM  CENTRAL  STATION 

Economy  of  Ice  Plants  Connected  with  Electric  Central  Stations, 
Eis  und  Kaelte-Industrie,  Vienna,  Vol.  8,  No  9,  March,  1916.  IH 
pp.  Review  of  article  by  Rich.  Pabst,  Cologne,  in  Elektrotechnische 
Zeitschrift,  Jan.  20,  1916 

Following  the  example  of  central  power  stations  in  the  United  States, 
German  electric  power  companies  are  encouraging  the  supply  of  current  to- 
ice  factories.  During  the  past  few  years  practical  experience  has  been  gained, 
notably  from  the  120  ton  plant  at  Steglitz,  Berlin,  and  from  the  60  ton  plant 
at  Oberhausen,  Rhineland,  fully  described  in  Zeitschrift  f.  d.  gesamte  Kaelte-In- 
dustrie, Munich,  July  and  August,  1915. 

Table  I is  submitted  to  show  the  estimated  cost  of  operation  in  different 
size  electrically  driven  ice  plants.  These  plants  are  calculated  to  be  operated 
for  total  4,500  of  the  8,760  hours  of  a year,  equivalent  to  a load  factor  of  51.4 
per  cent. 

The  power  consumption  stated  in  Table  I covers  the  complete  installa- 
tion, exclusive  of  cooling  water  supply,  and  is  based  upon  using  water  with 
an  initial  temperature  of  50  degrees  F.  With  each  degree  F.  above  50 
degrees  F.  there  is  an  increase  of  2.2  per  cent  in  the  consumption  of  cur- 
rent and  cooling  water.’  The  prices  given  include  all  accessories,  freight 
for  62  miles,  and  cost  of  erection.  The  ice  plant  is  assumed  to  take  current 
during  4,500  hours  only  of  the  year.  At  Steglitz  and  at  Oberhausen  the  rate 
charged  is  1.44  cent  per  k.  w.  hour.  The  cost  of  city  water  for  ice  making  may 
be  taken  at  9.08  cents  per  1,000  gallons,  and  that  of  well  water  for  condensing 
at  2.73  cents  per  1,000  gallons.  For  thawing  the  ice  out  of  cans  about  2 kg. 
or  4.4  libs,  of  steam  are  required,  which  at  $3.05  per  ton  f.o.b.  central  station 
amounts  to  a cost  of  32.7  cents  per  1,000  lbs.  steam. 

According  to  the  author’s  calculation  the  manufacturing  cost  per  2,000  lbs. 

‘ With  water  at  105  degrees  F.  the  consumption  would  be  doubled. — Ed. 
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of  ice  in  a 2(>^  ton  icc  plant  is  $1.65.  In  larger  plants  this  cost  diminishes  to 
$1.30,  while  in  smaller  plants  the  cost  will  exceed  $1.65. 

Central  stations  manufacturing  ice  themselves  usually  contract  with 
some  one  for  the  delivery  of  the  ice.  The  ice  is  then  sold  at  $l.fM)  per  ton 
of  2,(MK)  lbs.  f.o.b.  factory.  Hence  the  profit  to  the  ice  maker  is  $1.96  —$1.65  ■= 
31  cents  per  ton.  In  this  case  the  return  on  the  capital  invested  is  1 1.3  per  cent. 

But  the  central  station  profits  further  by  the  supply  of  current  to  the  ice 
making  department,  because  its  cost  of  generating  a k-w.  hour  is  only  0.84  cent. 
By  Table  I the  yearly  consumption  of  current  is  220,500  k.w.  hours  at  a price 
of  1.44  cents.  The  gain  is  therefore  220,500  X $0.0(X)  = $1,323,  making  the 
total  profit  on  the  investment  11.3  + 5.5.  = 16.3  [>er  cent. 

T,\HLE  1. 


Cost  o(  0|)eratin!;  (ierman  Electrically  Driven  Ice  Plants.  Load  Factor  51.4'o 


Output  of  ice  in  tons  of  2,000  lbs. 
per  24  hours 

0 01 

9 92 

13.22 

19.83 

20.45 

.39.07 

52  90 

RefrigeratinK  machine  capacity  re- 
quired, Calories  per  hour 

.50,033 

«»0,(K)0 

90,000 

120,000 

180.0(X) 

240.000 

Tons  of  Refrig,  per  24  hrs 

11.. 57 

10.52 

19.8.3 

29.75 

39.08 

.59.5 

79.35 

Tons  of  Refrig.  per  24  hrs.  per  ton  of 
ice 

1.7.5 

1.07 

1.50 

1.50 

1.50 

1.50 

1 498 

Total  brsike  h.  p.  required  (English) 

l.S  7.5 

21  07 

30.0 

40.4 

.54.2 

74. 

93.0 

Total  k.  \v.  hours  rec|uired 

4.32 

5.52 

072 

88S 

1170 

1.500 

1908 

Total  k.  w.  hours  required  per  ton  of 
ice 

05.4 

55  7 

.50.8 

44.8 

44.5 

39  3 

.37.2 

Total  k.  w.  hours  required  i>cr  year 

81,003 

103,.503 

120.o:h) 

lt)0,500 

220..51K) 

292.5(K) 

309,000 

Consumption  of  cooling  water  in 
U.  S.  gallons  per  hour  with  sub- 
merged condcn,ser 

1,374 

1,982 

2,510 

3,700 

4,890 

7,4(K) 

9.780 

Consumption  of  cooling  water  in  U.S. 
gallons  per  hour  with  atmospheric 
evaporative  condenser 

201 

.330 

.390 

528 

000 

1,0.57 

1,321 

Approximate  first  cost  of  complete 
ice  plant,  incl.  tank  and  pipe  in- 
sulation (1  mark  = 24  cents) .... 

«0.720 

$7,920 

$9,125 

$12,210 

$14,400 

$19,080 

$24,000 

Approximate  first  cost  of  electrical 
equipment 

$1,080 

$1,128 

$1..392 

$i,.5s;i 

$1,848 

$2,088 

$2,594 

Cost  of  supplies  ikt  year,  incl.  am- 
monia, oil,  salt,  sheet  and  rod 
(Kicking 

890 

$108 

$120 

$138 

$1.50 

$1.80 

$204 

Ground  area  covered  by  building, 
incl.  icc  storage  room,  sq.  ft 

2,202 

2,478 

2,(i92 

2,803 

2,910 

3,080 

3,220 

Apiiroximatc  cost  of  foundations  and 
building,  incl.  insulated  icc  storage 
room 

$.5,400 

$5,760 

$0,003 

.$0,240 

.$6,480 

$0,720 

$7,200 
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NEW  YORK  CITY  REGULATIONS  FOR  REFRIGERATING  PLANTS 


Rkgl’T.ations  for  Refrigerating  Plants  as  Adopteu  to  Comply  with 
Chapter  io,  Article  i8,  of  the  Code  of  Ordinances  of 
THE  City  of  New  York 


EMERGENCY  DEVICE 

1.  All  refrigerating  plants  of  3 tons  refrigerating  capacity  or  over,  using 
ammonia  or  ethyl  chloride  as  a refrigerating  agent,  shall  be  equipped  with  a 
deivce  or  devices  for  discharging  the  refrigerating  agent  under  pressure,  in  case 
of  emergency,  into  sufficient  water  to  absorb  all  discharged  gas  and  carry  it 
off  to  the  sewer.  The  device  or  devices  to  be  constructed  to  conform  with 
that  recommended  by  The  American  Society  of  Refrigerating  Engineers, 
March  20,  1916,  as  shown  on  Fire  Department  drawing  “A.” 

The  Fire  Department  will  have  sole  use  of  this  device,  and  supply  the  nec- 
essary water. 

2.  No  valves  shall  be  located  in  the  emergency  discharge  lines,  excepting 
the  control  and  check  valves  to  the  water  and  refrigerant  mixer,  but  there  may 

. be  one  control  valve  on  each  emergency  line  located  near  connection  to  main 
high  and  low  pressure  lines  for  repair  purposes  only.  Such  additional  valves 
shall  be  kept  open  at  all  times,  and  if  closed  will  constitute  a violation  of  the 
intention  of  these  regulations. 

3.  The  emergency  valves  and  Standard  Fire  Department  Siamese  Con- 
nection shall  be  located  on  the  public  thoroughfare  side  of  the  building,  either 
outside  of  building  or  in  a vestibule  having  glass  panel  doors,  which  will  provide 
easy  access  from  the  street,  with  valve  at  a height  of  not  more  than  5 feet  above 
street  or  vestibule  floor  level.  In  no  case  shall  the  emergency  valves  be  located 
over  the  exhaust  outlet  for  ventilating  the  room  containing  the  refrigerating 
plant. 

In  large  refrigerating  plants,  at  the  discretion  of  the  engineer  in  charge, 
there  may  be  installed  pressure  gauges  on  the  high  and  low  emergency  lines 
for  determining  changes  in  pressure  w'hile  emergency  lines  are  operating. 

4.  The  emergency  valves  shall  be  protected  by  a suitable  box,  and  kept 
locked.  The  lock  shall  be  opened  only  by  a “Fire  Department  Inner  Box 
Key"  and  only  by  members  of  the  Fire  Department.  On  the  outside  of  the 
box  there  shall  be  painted  in  easily  legible  letters  the  words  “For  Fire  Depart- 
ment Use  Only.”  The  high  pressure  emergency  valves  shall  be  labelled 
“High  Pressure  Ammonia”  and  the  low  pressure  emergency  valves  shall  be 
labelled  “Low  Pressure  Ammonia.”  A .sign  reading  as  follows  shall  be  posted 
in  the  box:  “Do  Not  Open  Valves  Until  Water  is  Flowing.  Maintain  50  lbs. 
Prc.ssure.  ” 

automatic  safety  valves 

5.  All  refrigerating  plants  of  3 tons  refrigerating  capacity  or  over  shall 
be  equipped  with  an  automatic  safety  valve  or  valves  on  each  compressor  or 
generator,  which  discharge  at  not  greater  than  300  lbs.  pressure  per  square 
inch  for  ammonia,  1,400  lbs.  pressure  per  square  inch  for  carbon  dioxide,  100 
lbs.  pressure  per  square  inch  for  sulphur  dioxide  or  ethyl  chloride.  Such 
automatic  safety  valve  or  valves  shall  be  connected  to  the  “High  Pressure 
Side,”  and  may  discharge  to  the  “Low  Pressure  Side,”  as  recommended  by 
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The  American  Society  of  Refrigerating  Engineers,  March  20,  1916,  and  shown 
on  Fire  Department  drawing  “A.” 

The  discharge  from  the  automatic  safety  valve  or  valves  may  be  conducted 
by  continuous  piping  to  a point  at  least  10  feet  above  the  highest  opening  in 
the  roof  of  the  building  in  which  the  plant  is  located.  Point  of  discharge 
alxjve  the  roof  to  be  located  as  remote  as  practicable  from  horizontal  openings 
in  surrounding  buildings.  Where  ammonia  is  the  refrigerating  agent,  the  dis- 
charge end  of  the  pipes  shall  be  equipped  with  a diffuser,  designed  to  mix  the 
gas  with  the  air  wthout  restricting  its  flow. 

6.  On  carbon  dioxide  plants,  in  addition  to  the  heretofore  mentioned 
automatic  safety  valve  at  the  compressor,  there  may  be  an  automatic  safety 
valve  located  on  the  high  pressure  and  on  the  low  pressure  sides,  as  a substitute 
for  the  emergency  device  shown  on  the  Fire  Department  drawing  “A.”  The 
points  of  connection  for  such  automatic  safety  valves  shall  be  located  as  in- 
dicated for  the  emergency  discharge  lines.  The  outlet  from  such  automatic 
safety  valves  may  discharge  into  engine  room  or  to  outer  air. 


7.  MAXIMUM 

Refrigerating  Agent 

PRESSURE  ALLOWED 

Pressure 

Ammonia 

not  to  exceed 

300  lbs.  per.  sq.  in 

Carbon  Dioxide 

tt  it  f( 

1,400  “ “ “ 

Sulphur  Dioxide 

an  tt 

100  “ " “ 

Ethyl  Chloride 

ti  4t  it 

100  “ ” “ 

8.  All  pipes  used  for  refrigerating  purposes  shall  stand  a hydrostatic 
test  of  at  least  double  the  maximum  pressure  per  square  inch  specified  in 
section  7,  and  all  fittings  shall  lx?  guaranteed  to  stand  a pressure  of  at  least  8 
times  the  maximum  pressure  per  square  inch  specified  in  section  7.  All  gauge 
glasses  shall  lie  adequately  jirotected  and  provided  with  shut  off  valves. 

definition  of  refrioerati.vo  machinery  room.s 

9.  Refrigerating  machinery  rooms  are  rooms  in  which  are  located  com- 
pressors, generators,  condensers,  receivers,  absorbers  or  other  apparatus  nec- 
essary to  produce  or  contain  the  refrigerating  agent.  Rooms  which  contain 
only  the  refrigerating  chemical  supply  pipes  to  and  from  the  refrigerating  coils 
are  not  considered  refrigerating  machinery  rooms,  but  such  rooms,  if  occupied 
by  any  persons,  must  comply  with  the  requirements  as  to  exits  hereinafter 
described  for  refrigerating  machinery  rooms. 

lights,  flames,  boilers 

10.  In  all  refrigerating  machinery  rooms  in  which  ammonia  or  ethyl 
chloride  is  used,  there  shall  be  no  flames,  arc  lights,  gas  jets  or  any  apparatus 
employing  flame,  except  internal  combustion  engines  with  internal  ignition, 
which  may  be  started  in  the  usual  manner. 

11.  All  refrigerating  machinery  rooms  shall  be  separated  from  other 
parts  of  the  building  by  tight  partitions  and  tight  self-closing  doors,  and  from 
boilers  by  tight  fireproof  walls  unpierced,  except  by  openings  protected  by 
tight  self-closing  fireproof  doors  or  stationary  fireproof  windows. 

exit  and  ventilation 

12.  All  refrigerating  machinery  rooms  shall  have  a direct  exit  to  the  open 
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air  or  to  a room  or  hall  from  which  gases  can  be  excluded  by  self-closing  doors. 

13.  Vertical  and  horizontal  openings  that  permit  the  passage  of  gases; 
to  other  parts  of  the  building,  which  are  not  a part  of  the  refrigerating  plant,, 
shall  be  sealed  or  provided  with  .self-closing  doors. 

14.  All  refrigerating  machinery  rooms  shall  be  provided  with  adequate 
ventilation  to  the  open  air,  either  direct  or  by  means  of  a suitable  duct  or  ducts. 
Where  a mechanical  system  of  ventilation  is  employed,  control  of  the  system 
shall  be  located  at  a point  easily  acce.ssible. 

PLANS  REQUIRED 

15.  Plans  shall  be  filed  for  structural  changes  only.  Alterations  made 
necessary  to  meet  the  requirements  of  these  regulations  shall  comply  with  the 
Building  Code. 

PIPES  DESIGNATED 

1().  All  pipes  containing  a refrigerating  chemical  under  pressure  shall 
have  conspicuous  signs  attached  to  them  at  proper  places  de.signating  in  easily 
legible  letters  the  name  of  the  chemical  contained  therein. 

The  signs  shall  be  placed  on  each  main  supply  and  suction  pipe  in  each 
room.  Valves  which  control  main  sections  of  refrigerating  system,  and  are 
necessary  to  separate  such  sections  in  case  of  emergency,  shall  be  labelled. 

RULES 

17.  In  all  refrigerating  plants  there  shall  be  posted  several  copies  of  a 
brief  set  of  rules,  satisfactory  to  the  Fire  Commissioner,  directing  all  employees 
as  to  their  duties  in  case  of  fire,  or  other  emergencies. 

• Employers  shall  be  responsible  for  the  proper  drill  of  all  employees  in  such 
emergency  duties. 

helmets 

18.  All  large  refrigerating  plants  shall  be  provided  with  helmets  of  ap- 
proved type,  which  will  permit  the  wearer  to  reach,  without  suffocation,  any 
part  of  the  refrigerating  system. 

In  plants  of  25  to  75  tons  refrigerating  capacity  there  shall  be  at  least  one 
approved  helmet,  and  in  plants  of  greater  capacity  than  75  tons  there  shall  be 
at  least  two  approved  helmets. 

19.  These  helmets  shall  be  kept  in  a suitable  ca.se  or  cabinet  of  easy 
access,  preferably  outside  of  refrigerating  machinery  room  or  near  doorway 
leading  therefrom. 


SURPLUS  REFRIGERANT  STORAGE 

20.  Refrigerating  plants  may  store  a surplus  stock  of  the  refrigerating 
chemical  of  2 cylinders,  or,  if  necessary,  a quantity  not  to  exceed  10  per  cent, 
of  the  charge  of  the  plant.  This  surplus  chemical  shall  be  stored  in  a cool  place. 

CERTIFICATE  OF  FITNESS 

21.  No  refrigerating  plant  of  over  3 tons  refrigerating  capacity  shall  be 
operated  unless  under  the  charge  of  a person  holding  a Certificate  of  Fitness 
from  the  Fire  Commissioner,  or  who  has  been  duly  certified  as  competent  to 
operate  a refrigerating  plant  by  any  Department  of  the  Citv  of  New  \ ork 
having  jurisdiction  to  certify  thereto. 
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A Certificate  of  Kitness  will  be  required  of  each  person  who  is  directly  in 
charge  of  the  operation  of  the  refrigerating  machines  during  each  shift. 

RKFRIGERATING  PLANTS  OF  LESS  THAN  .‘1  TONS  CAPACITY 

22.  The  Fire  Commissioner  may  exempt  from  the  provisions  of  these 
regulations,  except  the  provisions  referring  to  flames  and  exits,  refrigerating 
machines  of  less  than  .3  tons  capacity,  provided  a certificate  of  approval  has 
been  issued  for  such  machine. 

PERMITS 

23.  It  is  unlawful  to  operate  within  the  City  of  New  York  any  plant 
producing  refrigeration  by  means  of  gases  under  pressure  in  connection  with 
cold  storage  plants,  breweries,  ice  manufactories,  restaurants,  or  other  places, 
without  a permit. 

The  application  for  permit  must  state  the  refrigerating  builders  rated 
capacity  in  tons,  the  kind  of  chemical  used,  the  amount  of  surplus  chemical 
stored,  the  number  of  shifts  and  time  the  plant  is  operated  during  a period  of 
24  hours. 

The  application  shall  be  signed  by  the  applicant  or  authorized  agent  and 
give  the  name  and  address  of  the  applicant  and  the  address  where  plant  is  located. 
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The  Council  held  a meeting  in  the  office  of  the  Society,  154  Nassau  .Street, 
New  York,  N.  Y.,  on  the  afternoon  of  March  24,  191G.  The  following  officers 
and  directors  were  present,  with  President  Vilter  presiding:  Messrs.  Vilter, 

Carpender,  Borgstedt,  Horne,  Torrance,  Broas,  Matthews  and  Ross. 

The  Committee  on  Municipal  and  State  Regulations  for  Refrigerating 
Plants  and  Refrigerants,  in  cooperation  with  officials  of  the  Fire  Department 
of  New  York  City,  submitted  a tentativ'e  set  of  regulations  and  two  drawings 
as  to  the  manner  of  applying  the  New  York  City  ordinance  relating  to  refrig- 
erating plants.*  The  Council  felt  that  the  check  valves  on  the  suction  and  dis- 
charge lines  near  the  water  and  refrigerant  mixer  should  be  eliminated  or 
their  use  made  optional  and  the  committee  was  requested  to  reconsider  its 
suggestions. 

The  following  letter  from  Charles  C.  Moore,  President  of  the  Panama- 
Pacific  International  Exposition  was  presented  and  ordered  to  be  made  a part 
of  the  records  of  the  meeting. 

THE  PANAMA-PACIFIC  I NTERX.A.T10NAL  EXPOSITION 

Office  of  the  PRE.sinENT 

San  Francisco,  Cal.,  March  11,  1910. 

Mr.  W.  H.  Ross,  Secretary, 

The  American  Society  of  Refrigerating  Engineers, 

154  Na.ssau  St.,  New  York  City. 

My  DEAR  Mr.  Ross: — 

It  was  not  possible  for  me  to  attend  many  of  the  convention  sessions, 
neither  was  it  possible  for  me  personally  to  greet  many  of  the  delegates  who 


• 'I'he  completeil  regulations  and  diagram  showing  arrangement  of  safety  connections  are 
printed  on  another  page  of  this  number  of  The  Journal. 
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attended  the  great  number  of  congreeses,  conferences  and  conventions  which 
met  with  us  during  the  Kxposition  period. 

I take  this  opportunity  of  expressing  the  appreciation  of  the  Kxposition 
management  to  the  officers  and  members  of  your  organization  for  the  part 
they  had  in  making  the  Exposition  such  an  unqualified  success.  We  consider 
the  congress  program  one  of  the  chief  factors  in  producing  that  very  gratifying 
result. 

So  many  human  interests  were  repre.sented  and  the  convention  discussions 
had  to  do  with  such  vital,  practical,  present  day  needs,  that  we  are  certain 
that  true  international  fraternity  and  World  service  were  distinctly  advanced. 

We  know  that  convention  attendance  was  largely  responsible  for  the 
symmetrical  success  of  our  undertaking.  We  rejoice,  however,  that  the 
Exposition  was  the  means  of  making  all  of  us  better  neighliors.  You  know 
us  Ixitter.  We  are  glad  you  came. 

You  will  be  interested  in  the  enclosed  “Einal  Word, ’’which  Director  of 
Congresses,  Jas.  A.  Barr,  has  prepared.  It  makes  very  clear  why  all  of  us 
who  have  been  nearest  the  Exposition  wish  gratefully  to  acknowledge  your 
loyal  support. 

Very  truly  yours, 

Charles  C.  Moore, 
President. 

The  following  report  from  N.  H.  Hiller,  who  represented  the  Society  at 
the  Second  Pan-American  Scientific  Congress,  was  presented  and  also  ordered 
to  be  made  a part  of  the  minutes  of  the  meeting: 

Carbondale,  Pa.,  January  4,  1915. 

Mr.  W.  H.  Ross,  Secretary, 

The  American  Society  of  Refrigerating  Engineers, 

154  Nassau  Street,  New  York  City. 

My  dear  Mr.  Ross: — 

I am  sending  you,  under  .separate  cover,  various  papers  and  pamphlets 
that  I received  while  attending  the  Second  Pan-American  Scientific  Con- 
gress in  Washington. 

I do  not  know  whether  you  desire  a report  on  this  Congress,  but  would 
give  you  the  following  facts,  which  may  be  of  interest,  viz: 

Was  unable  to  attend  the  Congress  throughout,  but  was  there  on  Tuesday, 
Wednesday  and  Thursday  of  last  week.  Dr.  Dickerson,  as  the  alternate 
delegate,  attended  the  opening  session  and  will  take  in  the  other  social  functions. 

From  a scientific  standpoint,  the  business  of  the  Congre.ss  was  somewhat 
disappointing.  There  was  but  one  paper,  viz.,  that  of  Dr.  Kent,  that  treated 
of  thermotical  subjects.  All  the  others  referred  to  civil  engineering  or  elec- 
tricity. 

As  the  President  of  the  National  Geographical  Society  remarked,  that 
for  a Scientific  Congress  it  was  strange  that  one  could  find  everything  there 
but  .science. 

The  majority  of  the  delegates  from  the  South  American  countries  were 
the  attaches  of  the  various  embassies  and  were  more  interested  in  the  political, 
than  the  scientific  trend,  of  the  work  and  that  seemed  to  be  the  prevailing  idea. 

The  sub-sections  that  I attended  in  the  engineering  section  had  to  do  with 
education,  bridges  and  rivers  and,  though  they  were  very  interesting,  were  a 
little  bit  out  of  our  line. 
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Taking  it  all  in  all,  the  proposition  was  rather  disappointing  and  I can  only 
account  for  it  by  the  fact  that  it  was  handled  by  army  engineers,  whose  only 
idea  of  engineering  was  something  that  had  to  do  with  watet  powers,  bridges, 
waterways  and  electrical  transmission. 

I am  very  glad  that  there  were  no  other  members  of  the  society  there,  as 
I am  sure  that  they  would  not  have  felt  that  they  had  been  repaid  for  the  time 
and  expense  incurred. 

Yours  very  truly, 

N.  H.  Hiller. 

The  Membership  Committee  presented  applications  for  membership 
from  the  following  and  they  were  approved  in  the  grades  indicated: 

MEMBERS 

Arnold  W.  Mindo,  Melbourne,  Victoria,  Australia 

O.  Parke  Seim,  Seattle,  Wash. 

Edward  D.  Thurston,  Jr.,  New  York,  N.  Y. 

J.  Henry  Beckman,  battle.  Wash. 

Harry  Sloan,  Milwaukee,  Wis. 

F.  W.  Frerichs,  St.  Louis,  Mo. 

John  N.  Gruhl,  Los  Angeles,  Cal. 

William  H.  Schladitz,  Cincinnati,  O. 

Harold  E.  Beavan,  Redbank,  Queensland,  Australia 

ASSOCI.\TE  MEMBER 

Godwin  Werliin,  Philadelphia,  Pa. 

JUNIOR  MEMBERS 

Emil  H.  Mack,  Milwaukee,  Wis. 

Frederic  T.  Goes,  Milwaukee,  W’is. 

CHANGE  OF  CR.VDE  OF  MEMBERSHIP  FROM  AS.SOCI.\TE  MEMBER  TO  MEMBER 

Alan  K.  Gillespie,  St.  Louis,  Mo. 

George  E.  Chamberlin,  St.  Louis,  Mo. 

CHANGE  OF  GRADE  OF  MEMBERSHIP  FROM  JUNIOR  MEMBER  TO  MEMBER 

Donald  Cole,  Detroit,  Mich. 

The  Council  approved  the  further  recommendation  of  the  Membership 
Committee  to  invite  W.  H.  Bower,  Philadelphia,  Pa.,  Hermann  Dannenbaum, 
Philadelphia,  Pa.,  and  Louis  Werliin,  Philadelphia,  Pa.,  to  apply  for  change 
of  grade  of  membership  from  Associate  Member  to  Member. 

The  Council  felt  that  the  Year  Book  should  be  consoliated  with  the 
January  number  of  the  A.  S.  R.  E.  Journal  of  each  year,  and  referred  this 
matter  to  the  attention  of  the  next  annual  meeting  for  final  action. 

A motion  prevailed  authorizing  the  printing  of  six  hundred  copies  of  the 
1916  Year  Book  and  the  Treasurer  was  authorized  to  pay  for  them  out  of  the 
funds  of  the  Society. 

The  invitation  of  the  National  h'ire  Protection  Association,  inviting  the 
Society  to  become  a member  of  that  association,  was  considered  and  The  Council 
felt  that  the  Society,  through  its  committees,  could  thoroughly  cooperate 
with  the  National  Fire  Protection  Association  without  becoming  a member 
of  it. 

A motion  prevailed  appropriating  $600  for  office  rent  for  the  year  ending 
April  30,  1917.  This  sum  to  include  increased  space. 
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W.  H.  Ross  was  reappointed  Secretary  of  the  Society  and  two  thousand 
dollars  w-as  appropriated  to  cover  his  salary  for  lOlti. 

An  appropriation  of  two  hnudred  dollars  was  made  for  translations, 
• editorial  work,  etc.,  on  the  A.  S.  R.  E.  Journal. 

An  appropriation  of  six  hundred  and  fifty  dollars  was  made  for  the  services 
of  an  office  stenographer. 

A special  price  of  SI. 60  for  a yearly  subscription  to  the  A.  S.  R.  E.  Journal 
to  students  was  authorized. 

The  Secretary  was  authorized  to  insert  an  eighth  page  advertisement  for 
three  insertions  in  “Power,”  “Ice  and  Refrigeration”  and  “Refrigeration” 
advertising  that  non-members  may  secure  a subscription  to  the  A.  S.  R.  E. 
Journal. 

The  suggestion  of  John  L.  Porter,  Chairman  of  the  Cold  Storage  Section 
of  the  American  Warehousemen’s  Association,  that  a joint  meeting  of  the  two 
organizations  be  held  was  considered  and  a motion  prevailed  requesting  the 
Secretary  to  advise  Mr.  Porter  that  the  dates  of  the  annual  meeting  of  the 
Society  were  selected  so  that  they  would  immediately  precede  the  dates  of  the 
meeting  of  The  American  Society  of  Mechanical  Engineers,  to  which  organiz- 
ation many  of  our  members  belong  and  it  would  be  unwise  to  in  any  way 
change  the  dates,  and  the  Secretary  was  further  ordered  to  extend  an  invita- 
tion to  the  members  of  the  American  Warehousemen ’s  Association  to  attend 
our  meetings. 

The  resignations  of  the  following  members  were  accepted  wdth  regret: 


L.  C.  Marshall,  Boston,  Mass. 

John  N.  Briggs,  Coeymans,  N.  Y. 
W.  W.  Sandholt,  Oakland,  Cal. 
Horace  H.  Judson,  New  York,  N.  Y, 
Leonard  W.  Horr,  La  Grange,  111. 


Authorization  was  made  to  send  copies  of  the  A.  S.  R.  E.  Journal  reg- 
ularly to  the  Scientific  Station  for  Pure  Products,  New  York,  N.  Y.,  and  the 
Municipal  Reference  Library,  New  York,  N.  Y.,  in  exchange  for  any  pub- 
lications they  may  issue. 

The  meeting  then  adjourned. 

William  H.  Ross, 

Secretary 


TRADE  CATALOGS 

(I’elow  is  given  a list  of  trade  catalogs,  etc.,  received  at  the  Society’s  office  since  the 
last  list  was  published  in  the  A.  S.  K.  K.  Journ.m..) 

Crosby  Steam  Gauge  & Valve  Co.,  Boston,  Mass.: 

General  catalog. 

Crosby  Spring  Scat  Globe  and  Angle  Valves. 

Vilter  Manufacturing  Co.,  Milwaukee,  Wis. : 

High  Efficiency  Steam  Ivngines,  Bulletin  No.  25. 

Gifford-Wood  Co.,  Hudson,  N.  Y.: 

Revised  price  list  on  ice  tools,  effective  April  15,  1916. 

C.  H.  Wheeler  Manufacturing  Co.,  Philadelphia,  Pa.: 

Condensing  Equipment. 

Armstrong  Cork  & Insulation  Co.,  Pittsburgh,  Pa.: 

Nonpareil  High  Pressure  Covering  for  Heated  Surfaces. 
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STATEMExXT  OF  THE  OWNERSHIP,  MANAGEMENT,  CIRCG- 
LATION,  ETC,  retjuired  by  the  Act  of  Congress  of  August  24,  1912,  of 
A.  S.  R.  E.  Journal,  published  bi-monthly,  at  New  York,  N.  Y.,  for 
April  I,  1916. 

State  of  New  York,  County  of  New  York,  ss. : 

Before  me,  a Commissioner  of  Deeds  for  the  City  of  New  York  in  and 
for  the  State  and  county  aforesaid,  personally  appeared  William  H.  Ross, 
who,  having  been  duly  sworn  according  to  law,  deposes  and  says  that  he  is 
the  Editor  and  Manager  of  the  A.  S.  R.  E.  Journal,  and  that  the  following 
is,  to  the  best  of  his  knowledge  and  belief,  a true  statement  of  the  ownership 
and  management  of  the  aforesaid  publication  for  the  date  shown  in  the  above 
caption,  required  by  the  Act  of  August  24,  1912,  embodied  in  Section  443, 
Postal  Laws  and  Regulations,  to  wit : 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  managing 
editor,  and  business  managers  are : 

Publisher — The  American  Society  of  Refrigerating  Engineers,  154  Nas- 
sau street.  New  York,  N.  Y. 

Editor — William  H.  Ross,  154  Nassau  street.  New  York,  N.  Y. 

Managing  Editor — None. 

Business  Managers — William  H.  Ross,  154  Nassau  street.  New  York,  N.  Y. 

2.  That  the  owners  are:  The  American  Society  of  Refrigerating  F'ngi- 

neers,  membership  corporation  organized  under  the  laws  of  the  State  of 
New  York  and  having  no  capital  stock  shares.  There  are  350  members. 
Officers  of  the  Society  are:  President,  Theodore  O.  Vilter,  Milwaukee, 

Wis. ; vice-presidents,  Ezra  Frick,  Waynesboro,  Pa.:  and  N.  H.  Hiller,  Car- 
bondale.  Pa. ; treasurer,  George  Horne.  New  York,  N.  Y. ; secretary, 
William  H.  Ross.  154  Nassau  street.  New  York,  N,  Y. 

3.  That  the  known  bondholders,  mortgagees,  and  other  security  holders 

owning  or  holding  i per  cent  or  more  of  total  amount  of  bonds,  mortgages, 
or  other  .securities  are : None. 

4.  That  the  two  paragraphs  next  above,  giving  the  names  of  the  owners, 
stockholders,  and  security  holders,  if  any,  contain  not  only  the  list  of  stock- 
holders and  security  holders  as  they  appear  upon  the  books  of  the  comjiany, 
but,  al.so,  in  cases  where  the  stockholder  or  security  holder  appears  upon  the 
books  of  the  company  as  trustee  or  in  any  other  fiduciary  relation,  the  name 
of  the  person  or  corporation  for  whom  such  trustee  is  acting,  is  given ; also 
that  the  said  two  paragraphs  contain  statements  embracing  affiant's  full 
knowledge  and  belief  as  to  the  circumstances  and  conditions  under  which 
stockholders  and  security  holders  who  do  not  appear  upon  the  lx)oks  of  the 
company  as  trustees,  hold  stock  and  securities  in  a capacity  other  than  that 
of  a bona  fide  owner;  and  this  affiant  has  no  reason  to  believe  that  any  other 
person,  association,  or  corporation  has  any  interest  direct  or  indirect  in  the 
said  stock,  bonds  or  other  securities  than  as  so  stated  by  him. 

(Signed)  William  H.  Ross,  Business  Manager. 

Sworn  to  and  subscribed  before  me  this  22d  day  of  March,  1916. 

John  McLaren,  Commissioner  of  Deeds. 

(Seal)  City  of  New  York 

(My  commission  expires  June  23,  1916) 
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DE  LA  VERONE 


high  economy  refrigerating  unit  consisting  of  De  La  Vergne 
crude  oil  engine  direct-connected  to  De  La  Vergne  SAFETY 
ammonia  compressor. 

The  highest  efficiency  combination  you  can  obtain. 

Saves  15%  transmission  and  friction  loss. 

“ 60%  floor  space. 

“ 40%  of  cost  of  rope  or  belt  driven  outfit. 

“ 60%  of  electrical  power  cost  with  current  at  Ic. 

per  K.W.  hour. 

One  ton  of  ice  on  4 to  5 gallons  of  the  crudest  crude  oil, 
costing  2 to  3 cents  per  gallon. 

Send  for  our  new  Bulletin  No.  151. 

De  La  Vergne  Machine  Company 

1168  East  138th  Street  New  York  City 
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YORK  MANUFACTURING  CO. 

YORK.  PENNSYLVANIA 

WORLD’S  LARGEST  PLANT 
devoted  EXCLUSIVELY  to  Manufacture  of 
ICE  MAKING  and  REFRIGERATING  MACHINERY 


DRY  i;er5us  WET  COMPRESSION 

Indicator  Cards  are  of  very  little  help  in  arriving  at  the 
horse  power  per  ton  of  a wet  compression  machine,  for  they  do 
not  indicate  the  amount  of  ammonia  the  compressor  is  handling, 
nor  can  the  amount  required  to  be  handled  be  determined  in 
any  other  way  than  by  experiment. 

Furthermore,  indicator  cards  are  of  no  use  in  determining 
volumetric  efficiencies  when  taken  from  compressors  operating 
under  “WET  CONDITION.” 

The  following  cards  from  the  crank  end  supplement  those 
shown  in  the  March  issue: 


! 


7ian  ^398-Wet  Compression;. 

CranK  End 
/Z'/zK  Compressor 

Averages: 

Suction  Press.  “ /s.slbs  Oatige. 

Head  « ^ /&5. 

Pey.  pn  mip  58,5!  ^ . . 

Temp.  Suction  gas  entering  comp.-  ^ 

. discharge  - leaving  - - ^ 

^cale  wolbs 


Ru  n = Dry  compression. 

Crank  End  tQ  D.A  Compr. 

A verciyes: 

Suction  Pressure  - /5‘.  58  tbs  Cauye 

Head  Pressure  • res.  39  .,  ~ / 

Pee.  per.  niin.  - 40. 99  „ / 

Temp  Suction  gas  entering  Compr-  -h't;B4  r 

- Discharge  - leaving  - ‘25938Fy, 
Scale.  J tooths. 
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York  Manufacturing  Company 

YORK,  PENNSYLVANIA 


DRY  versus  WET  COMPRESSION 

Referring  to  the  cards,  notice  that  the  compression 
line  on  the  wet  compression  cards  is  about  midway 
between  the  isothermal  and  adiabatic  curves,  and  that 
the  loss  due  to  re-expansion  is  about  four  times  as 
much  as  is  shown  by  the  dry  compression  cards. 
Evidently  the  cause  of  the  compression  line  swinging 
away  from  the  isothermal  curve  is  the  gas  formed  by 
vaporization  of  the  liquid,  which  kept  the  temperature 
down  in  the  compressor. 

The  excessive  re-expansion  is  due  to  the  presence 
of  liquid  in  the  clearance  space.  The  total  loss  from 
the  vaporization  on  the  suction  stroke  of  the  com- 
pressor is  not  shown  by  the  cards,  but  this  loss  must  be 
considerable. 

In  all  of  our  “WET  COMPRESSION”  tests  the 
amount  of  liquid  allowed  to  come  over  to  the  com- 
pressor from  the  evaporating  system,  was  the  mini- 
mum amount  that  would  keep  the  discharge  tem- 
perature at  the  required  point.  This  precaution,  the 
result  of  careful  observation  and  experiments,  is  not 
exercised  in  the  ordinary  plant,  operating  under 
“WET  CONDITION” — consequently  the  efficiency 
of  the  compressor  must  necessarily  fall  below  that 
tabulated  above. 


SERVICE  ORGANIZATIONS  in  PRINCIPAL  CITIES 
of  the  UNITED  STATES 
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A.  S,  R.  E,  TRANSACTIONS 

TEN  DOLLARS  PER  VOLUME 


Each  volume  is  well  printed 
on  a high-grade  paper  and 
well  bound  in  substantial 
crash,  and  contains  not  only 
each  paper  in  full,  but  the  com- 
plete discussion  practically 
verbatim.  Type  page,  4H 
inches  by  7 inches. 

This  offers  an  exceptional 
opportunity  to  secure  a com- 
plete library  of  the  latest  data 
on  the  problems  covered  in 
each  paj)er.  These  data  can  be  secured  in  no  other 
way. 

Only  a limited  number  of  these  volumes  are  for  sale 
at  $10.00  per  volume,  and  none  will  be  reprinted. 


Lisf  of  papers  cmitained  in  volume  sent  on  request. 


THE  AMERICAN  SCKZIETY  OF  REFRIGERATING 

ENGINEERS 


154  NASSAU  STREET,  NEW  YORK  CITY 
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The  First  Modern  Pre^cooling  Plant  in  Florida 


Built  last  fall  by  the  Winter  Park 
Citrus  Growers'  Association  at  Wintei 
Park.  Florida.  The  weather  is  warm 
the  year  round  in  this  section  of  the 
country,  and  in  order  to  insure  eco- 
nomical operation  of  the  plant  it  had 
to  be  insulated  with  the  most  efficient 
material  available,  viz: 


Nonpareil 

Corkboard  Insulation 


For  All  Cold  Storage  Rooms 


Full  information,  samples  and  engineering  assistance  free  on  request 


The  three  outside  walls  of  the  pre- 
cooling department  arc  insulated  with 
two  layers  of  2-inch  Nonpareil  Cork- 
board  with  a bond  of  Portland  cement 
mortar  between  the  layers.  The  ceiling  and 
floor  are  of  the  same  construction  but 
bonded  with  hot  asphalt.  The  fourth 
wall  and  the  two  psu'tition  walls  are  of 
solid  cork  made  up  of  two  layers  of  Non- 
pareil Corkboard,  set  on  edge,  with  a 
bond  of  Portland  cement  between. 


Long  after  fruit  pre-cooling  stations 
become  common  in  hMorida,  you  will  find 
the  Nonpareil  Corkboard  Insulation  in 
this  one  to  be  in  excellent  condition. 
Nonpareil  Corkboard  will  last  as  long  as 
the  building  it  insulates,  for,  properly 
erected,  it  does  not  take  up  moisture. 


Armstrong  Cork  & Insulation  Co., 

Also  manufacturers  of  Nonpareil  Cork  Covering  fur  all  cold  pipes  and 
Nonpareil  High  Pressure  Covering  for  steam  lines 


Frick  Enclosed 

Refrigerating 

Machine 

Built  with  vertical, 
single-acting  compres- 
sors and  safety  heads, 
as  originated  by  us  more 
than  33  years  ago. 

Designed  and  tested 
for  the  special  needs  of 
the  small  machine  user. 


FULL  INFORMATION  PROMPTLY  FURNISHED 


FRICK  CO  M PAIN  V 


Waynesboro,  Pa. 
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** Every  Ounce  Energizes** 

SUPREME 

ANHYDROUS  AMMONIA 
MORRIS  & COMPANY 

CHICAGO,  ILL. 

Write  us  for  Stock  Points 


Ammonia  Exclusively 

BY 

Ammonia  Specialists 

The  quality  of  the  initial  Ammonia  charge  and  the 
quality  of  the  Ammonia  employed  currently  is  im- 
portant to  Engineers  and  Contractors  installing  the 
plant,  and  the  plant  owners  and  operatives. 

These  qualities  are  best  assured  in  “PEERLESS” 
Aqua  Ammonia  for  absorption  machines — “PEER- 
LESS” being  (guaranteed)  chemically  pure,  and  in 
“NATIONAL”  Anhydrous  Ammonia  for  compres- 
sion machines,  “NATIONAL”  being  (guaranteed) 
chemically  pure  and  strictly  dry. 

“NATIONAL”  is  made  immediately  from 
“PEERLESS”  as  material. 

Quick  and  convenient  service  from  stocks  located 
in  principal  commercial  cities. 

THE  NATIONAL  AMMONIA  COMPANY 

ST.  LOUIS  NEW  YORK  PHILADELPHIA 
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A.  S.  R.  E.  JOURNAL  BINDERS 


Bind  your  copies  of  the 
A.S.R.E.  Journal  in  the 

A.S.R.E.  Special  Spring  Back  Binder 


The  binder  is  finished  in  the 
same  cloth  as  was  used  on  the 
A.S.R.E.  Transactions  and  will 
hold  all  numbers  of  the  volume 
of  The  Journal  for  which  the 
binder  was  made.  Stamped  in 
gold. 

Price  $1.00;  postage  prepaid 

When  ordering  he  sure  io  state 
volume  number. 


The  American  Society  of  Refrigerating  Engineers 

1S4  NASSAU  STREET  NEW  YORK,  N.  Y. 


9/frmot/rs 

Anhydrous 

Ammonia 

Has  the  O.  K.  of  expert  engineers. 
Absolutely  pure  and  dry.  Free 
from  any  foreign  substance  that 
could  possibly  hinder  the  perfect 
working  of  the  system. 

We  subject  every  cylinder  of 
Armour’s  Anhydrous  Ammonia  to 
a rigid  test  for  purity,  dryness  and 
volatility.  Stock  carried  at  all 
prominent  shipping  points. 

The  Armoor  Ammonia  Works 

Owned  and  operated  by 

ABMOUV^COMMNV 

Chicago 


ROCK  CORK 

INSULATION 

Is  Your  Best  Investment 

EFFICIENCY.  Guaranteed 
85%  Air  Cells.  Average  of  Tests 
by  different  Engineers  show 
transmission  of  6.56  B.  T. 'U. 
1 sq.  ft.,  24  hours,  1°  diff. 

NO  CAPILLARITY.  A sample 
has  floated  in  same  water  FIVE 
YEARS. 

PERMANENT.  A Section 
16"  X 36"  after  exposure  for 
FIVE  YEARS  on  Roof  un- 
covered has  been  applied  to 
wall  with  Cement  Mortar  and 
plastered  on. 

COST  about  the  same  as 
Lumber. 

Send  for  Catalog  No.  4 giving  facts 
shown  by  the  camera 

MANUFACTURED  AND  APPLIED  BY 

BANNER  ROCK  PRODUCTS  CO. 
ALEXANDRIA.  IND. 
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IV/rANUFACTURERS  of 
Refrigerating  Machinery, 
Packing  House  Machinery, Cold 
Store  Doors  and  all  other  equip- 
ment used  in  the  meat  industry. 
Write  Dept.  “A.  S” 


The  Brecht  Company 

1261  Cass  Avenue,  St.  Louis,  Mo. 

176  Pearl  St.,  New  York  Hamburg:  Bucaos  Aires,  S.  A 


“ Burlioro”  CoolingTowers 

(patented) 

“Mode  To  Last” 


SIZE  UP  YOUR  WATER  6IIIS 

We  can  save  you  nearly  the  entire  cost  of 
the  water  used  over  your  condensers 

GET  THE  BEST 

EDWIN  BUIHORN  CO.,  71  Will  St.,  NEW  YORK 


PURITY  IS  ESSENTIAL 
IN  AMMONIA 

for  ice  making  and  refrigerating. 
Because  nothing  will  reduce  the 
profits  of  your  plant  so  surely  as 
Ammonia  laden  with  organic 
impurities. 

BOWER  BRAND 
ANHYDROUS 
AMMONIA 

is  made  from  pure  Aqua  Am- 
monia of  our  own  production, 
thoroughly  refined  and  purified. 

Send  for  Free  Book  and  Calendar. 

HENRY  BOWER 
CHEMICAL  MFC.  CO. 

Philadelphia,  Pa. 


tsaoe  hark 


Calcium  Chloride 

Free  from  Magnesium.  Write  for  Prices. 


Carbondale,  Ra. 

New  York  Atlanta  Baltimore 

Chicago  New  Orleens  Philadelphia 
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Investigate  the 

Carbondale  Exhaust  Steam 
Refrigerating  Machine 

Utilize  Your  Waste 

Carbondale  Machine  Co. 

CARBONDALE,  PA. 

New  York  Chicago  Atlanta  New  Orleana  Baltimore  Philadelphia 


Mitchell-Tappen 

Cooling  Towers 

for 

Refrigerating 
Steam-Condensing  and 
Gas  Engine  Plants 


Efficiency,  life  and  strength 
of  apparatus  fully  guaranteed. 

Largest ' installations  in  the 
country  in  uniformly  successful 
operation. 

Write  for  Bulletin  No.  7. 


The  Cooling  Tower  Co. 

50  Broad  Street,  New  York 


**Toweret8,”  Heat  Exchangers 
and  Spray-Nozzle  Systems 


THERMIT 

Welded  Pipe  Joints 

Costs  less  to  install  than 
flanged  connections,  are  per- 
manent, non-leakable  and  can 
be  made  anywhere  by  anyone. 
All  appliances  are  light  and 
portable.  A joint  can  be  made 
in  ten  minutes.  Thousands  of 
Thermit  joints  are  in  service. 

If  you  install  Thermit  pipe 
joints  in  your  plant  you  will 
end  joint  troubles. 

Write  for  sample  pipe  weld 
and  Pamphlet  No.  1670. 


Goldschmidt  Thermit  Company 

William  C.  Cuntz,  Gen.  Mgr. 

The  Equitable  Bldt>.  1 20  Broadway,  New  York 
329-333  Folsom  Street,  San  Francisco 
7300  South  Chicago  Avenue,  Chicago 
103  Richmond  St.,  W.  Toronto,  Ont. 


ERIE  EORGE  COMPANY 

ERIE:.  F»A. 

Manufacturers  of 
Hammered  Steel  Forgings 
Making  Specialty  of 

Carbon  or  Alloy  Steel,  Heat  Treated 
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Phone:  7785  Cortlandt  Member  A.  S.  R.  E. 

VAN  R.  H.  GREENE 

50  Church  Street  New  York,  N.  Y. 

REFRIGERATING  ENGINEER 

Specialist  in  economical  operation  of  ice  manufacturing 
plants  and  conversion  of  existing  plants  into  Raw  Water 
Can  Plants  with  resulting  economies. 


Cooler  and  Freezer  Doors 
and  Ice  Chutes 


Jamison  Cold  Storage  Door  Co. 

Formeriy 

Jones  Cold  Store  Door  Co. 
Heceratown  Merylend.  U.  S.  A 


Ice  Handling  Equipment 

FOR  MANUFACTURED  ICE  PUNTS 


Our  Machines  are  Desisned 
and  Built  with  a full  knowl- 
edge of  the  requirements  of 
prospective  customers. 

We  offer  the  services  of  our 
Engineering  Department  free. 

Are  your  facilities  adequate? 
If  not  write  us  today. 


ICE  TOOLS 

for  use  in  every  department 
of  your  business. 


Write 

for  Catalog 


Addreee  our  Nearest  Office 

CIFFORD-WOOD  GO. 

HUDSON,  N.  Y. 

NEW  YORK  CHICAGO  BOSTON 


L.UBRICA.TIING 

AMMONIA  COMPRESSORS 

is  the  special  function  of  the 
MC  CORD 

Ooublc  Compartment  Ciass  "B"  Force  Feed 
LUBRICATOR 

Made  with  all  iron  body  and  pump  as  a pro- 
tection against  the  corre^ve  effects  of  ammo- 
nia. Two  lubricators  in  one — economy  in 
first  cost,  saving  in  oil,  more  positive  lubrica- 
tion and  better  service.  Write  now  for  free 
trial  offer.  Ask  for  Catalog  “O." 

MCCORD  MANUFACTURING  CO. 
2587-2663  E.  Grand  Boulevard 

Detroit  Michigan 
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The  Creswell  Reboiler 

Manufactured  by 

Rocho  Bros*  & Creswell  Boone,  Iowa 

is  especially  designed  to  separate  oil  and  other  impurities  from  condensed 
water  where  exhaust  steam  is  used  for  ice  making.  Contains  a separat- 
ing feature  not  found  in  other  devices  of  like  kind  for  like  intent. 

Give  tonnage  of  your  plant.  Upon  receipt  of  this  we  will  mail  de- 
scriptive matter,  also  make  proposal. 


The  Allen  Dense  Air  Ice  Machine 

refrigerates  the  meat  rooms,  makes  ice  and  cools  drinking 
water  on  steam  vessels.  It  contains  no  chemicals,  only  air 
at  70  lbs.  pressure  in  refrigerating  piping,  which  is  brought  to 
30  or  more  degrees  below  zero  when  the  sea  water  is  at  90 
degrees.  More  than  250  are  now  in  daily  service  on  steam 
vessels  in  the  tropics,  some  of  them  working  for  25  years. 

H.  B.  Roelker  41  Maiden  Lane  New  York 


Rotary  Blowers 

for 

Can  Agitation 

Catalog  No.  49 


New  York 
120  Liberty  Street 


Chiceco 

1245  Marquette  Building 


P.II.&F.H. Roots  Co. 

Connererille,  Ind. 


SAGINAW  CALCIUM 

Absolutely  Non-Corrosive 

Saginaw  Chemical  Co.,  Saginaw,  W.  S.,  Michigan 


Digitized  by  Google 


>4 


A.  S.  R.  E.  Journal 


May,  1916 


AMMONIA  PIPE 

of 

Genuine  Wrought  Iron 

Tested  2000  to  2500  lbs.  hydrostatic 

SOUTH  CHESTER  TUBE  CO.  Chester,  Pa. 

New  York  Pittsbnrgh  San  Francisco 


The  Vilter  Manufacturing  Co. 

1182-1192  Clinton  St. 
MILWAUKEE,  WIS. 

Small  single-acting  vertical  compressor,  in 
sizes  from  1 ton  to  123^  tons  daily  capacity. 
Built  for  belt  drive  or  direct  connected  to  verti- 
cal steam  engine. 

HIGH  GRADE  CORLISS  ENGINES 

Branch  offices  in  all  principal  cities. 


Robert  J.  Berryman 

PETER  NEFF 

Consulting  Engineer 

Refrigerating  Engineer 

Member  Am.  Soc.  R.  E. 

Giestnut  Hill,  Philadelphia,  Pa. 

Specialist  in  Refrigeration 
Advisory  and  Expert  Service 

Make  RAW  WATER  ICE  with 

Wide  Practical  Experience 

The  Berryman  Patent  Air  Valve 

Canton,  Ohio 

1 
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EMPLOYMENT  BUREAU 


Advertisements  in  this  department  are  inserted  free  for  both  members  and  non- 
members, and  the  Secretary  considers  it  a pleasant  duty  to  be  the  mcdmm  of  securing 
positions  for  members  and  others,  and  is  pleased  to  receive  requests  both  for  positions  and 
for  men.  Advertisements  will  not  be  repeated  except  on  request.  Copy  should  be  in  the 
Society’s  office  by  the  first  of  the  month. 


HELP  WANTED 

A firm  manufacturing  refrigerating  machinery  has  an  opening  in  its 
diafting  room  for  a young  man  who  has  had  e.xperience  with  refrigerating 
machinery.  Address  Box  14.  care  A.  S.  R.  E. 

A firm  building  refrigerating  machinery  has  an  opening  for  a young  man 
with  experience  in  estimating  and  selling  refrigerating  machinery.  Address 
Box  15,  care  A.  S.  R.  E. 

Representatives  in  United  States,  Canada  and  Latin-.speaking  countries 
for  the  Winkler  System  of  Automatic  Control  for  refrigerating  machinery. 
Answer  immediately.  Address  Box  18,  care  A.  S.  R.  E. 

A company  manufacturing  refrigerating  machinery  is  desirous  of  em- 
ploying a refrigerating  engineer,  a university  graduate  preferred,  who  has 
had  experience  in  laying  out  and  designing  refrigerating  plants.  Address 
Box  21,  care  A.  S.  R.  E. 

A companj'  operating  ice  manufacturing  plants  requires  the  services  of 
experienced  operating  refrigerating  engineers.  Address  Box  22,  care 
A.  S.  R.  E.  V ■ 

A firm  building  refrigerating  machinery  has  an  exceptional  opening  for  an 
able  refrigerating  machine  designer.  Address  Box  23,  care  A.  S.  R.  E. 

A firm  building  refrigerating  machinery  in  Russia  has  an  opening  for  a 
shop  superintendent.  Splendid  opportunity.  .Address  Box  23,  care  A.  S.  R.  E. 

POSITIONS  WANTED 

A graduate  mechanical  engineer,  with  eleven  years’  experience  in  design- 
ing. selling  and  erecting  ice  and  refrigerating  machinery,  cold  storage  plants, 
etc.,  and  having  held  executive  position  for  last  six  years,  desires  to  change 
position.  Address  Box  20,  care  S.  R.  E.  Journal. 

A member  of  the  Societ}’,  with  many  years’  experience  in  managing  cold 
storage  warehouses,  seeks  new  position.  Address  Box  6,  care  A.  S.  R.  E. 

A university  graduate,  who  has  conducted  important  research  work,  and 
who  is  familiar  with  the  design  of  precooling  and  storage  plants,  desires  to 
change  position.  Address  Box  7,  care  A.  S.  R.  E. 

Erecting  engineer,  experienced  in  automatic  and  non-automatic  refrig- 
erating machines  of  medium  capacity,  seeks  a position.  Some  knowledge 
of  Spanish.  Will  go  anywhere.  Address  Box  13,  care  A.  S.  R.  E. 

A young  man  27  years  of  age  seeks  a position  as  designing  engineer. 
Has  had  several  years’  experience.  Good  technical  education  and  excellent 
references.  Salary  desired  about  $100  a month.  .Address  Box  12,  care 
A.  S.  R.  E. 

A young  man,  with  several  years’  experience  in  drafting,  estimating, 
designing,  selling  and  erecting  refrigerating  machinery,  seeks  a position. 
Address  Bo.x  16,  care  A.  S.  R.  E. 

A refrigerating  engineer,  with  many  years’  experience  in  the  design,  con- 
struction, management  and  operation  of  ice  and  cold  storage  plants,  seeks 
a position.  Familiar  with  ice-cream  and  raw-water  ice  plants.  Salary,  $150 
per  month.  Address  Box  17,  care  A.  S.  R.  E. 
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The  American  Society  op 
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